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conprising a mcroorganismor cell containing a DNA O sequence encoding a
detectabl e protein or a protein capable of inducing a detectable signal,
~e.g. a lum nescent or fluorescent pro- tein, and, in a particul ar
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suitable for tunor therapy and/or elimnation of netastatic tunors, e.g. a
cytotoxic or cytostatic protein. 28 April 2006 WO 03/014380 PCT/1B02/ 0476
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di scov i.n excise f n,.patient.s. Investigators argue that
chronigtrul?ng)frgétl ons ana));t%g[rggeigf:s%%rsgeﬁlcégl%ﬁgl?op% €deln‘ant growt h. Chronic
infections of various strains of Chlanydia have been associated with |ung
and cerp a r na! ! gnan y ona. -Angt her . |l described
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cause of tunor formatio whet her t norous tissues re
susceptingdd spespaceet § altoc gadiiigrapt ogrowhhr aChonéty infections of

various strains of Chlamydia have been associated with lung
and cervical cancer as well as malignant 1ymphoma. Another
well described association between the presence of a specific
bacterial species and cancer development 1s Helicobacter
"pylori in patients with gastric ulcers. Elevated levels of H.
pylori-associated antibodies have been found in patients with
ducdenal ulcer and gastric adenocarcinoma. These observations
demonstrate a concomitant presence of bacteria at tumor sites;
however, it was not yet clear whether the microorganisms were -
the cause of tumor formation or whether the tumorous tissues
were more susceptible to bacterial colonization. Intravenously
injected strict anaercbic bacteria, Clostridium pasteurianum,
into mice replicated selectively in the tumor suggesting a
hypoxic microenvironment in the necrotic center. Intravenous
injection of attenuated Salmonella  typhimurium mutants
resulted in elevated bacterial titers in the tumor tissues in
comparison to the other organs of mice wupon histologic and

bacteriologic analyses.




injected strict anaerobic bacteria, Costridiumpasteurianum into mce
replicated selectively in the tunor suggesting a hypoxic frégrgnfﬂydéronnent
in the necrotic center. Intravenous injection of attenuat ed honel | a
typhi mu nts resulted in elevated bacteri al in_the tunor

ti ssueswdjn@ g%gr‘r'garl son to the other organs of mce u %ﬁﬁqszéof‘%?l ogi ¢ and
bacteri ol ogi c anal yses. 28 April 2006 WO 03/014380 PCT/I1B02/ 04767 2
Simlarly, the presence of virus pamticles was reported in excised human
breast tunors as early as 1965. Moire recently, based on polynerase chain
reaction (PCR) data, the human papillomavirus has been clained to be
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basis for the use of such mcroorganisns for the diagnosisS or therapy of
t unor s .Sucpmietygbval thanoronfieagaasier mft hvdsus spaptigsesRin MeBRet i c

Resonanggok98ghhgl 26k 159RS bbby paR¥ents. The presence of human
papillomavirus in squamous cell carcinomas of the esophagus
ranges from 0 to 72% (10- 15)., In contrast to tumor tissues,
no virus particles have been found in tumor-free areas of the
esophageal epithelium of the same patient suggesting that the

virus particles are located only in the tumor tissues.

However, so far it could not be shown definitely whether the
above discussed nmicroorganisms are responsible for the
development of disorders like tumors {except for
papillomaviruses) or whether, e.g., tumors can attract and/or
protect viruses or bacteria. Accordingly, there was no basis
for the use of such microorganisms for the diagnosis or
therapy of tumors. Conventional tumor diagnostic methods, such
as MRI (Magnetic Resonance Imaging) lack sensitivity and
specificity and therapeutic methods, e.g. surgery, are

invasive and not very sensitiwve.

Therefore, it is the object of the present invention to
provide a means for the efficient and reliable diagnosis as
well. as the therapy of tumors which overcomes the
disadvantages of the diagnostic and therapeutic approaches

presently used.




specificity and therapeutic nethods, e.g. surgery, are invasive and not
very sensitive. Therefore, it is the object of the present, gﬁégr%kgn
provide a nmeans for the efficient and reliable diagnhosis as as

t her apy s which overcomes the disadvantages agnostic and
therapeﬂ?*gbg%%{oaches presently used. 28 April 200§Q&ﬁﬁﬁ@§%314380
PCT/ 1 B02/ 04767 3 According to the present invention this is achieved by the
subj ect matters defined in the clai#ds. Wien Vaccinia virus (LIVP strain)
carrying the light emtting fusion gene construct rVV-ruc-gfp was injected
intravenously into nude mce, the virus particles were found to be cleared
from abbcotai@f Neb eheapiedehbi AndedBYsSn a8idetigr nddgdvRy axtingd i on of
light emssion. In contrast, when the fate of the injected "Vaccinia virus
was si AParFy mBEFesRddrAinede Lhi d‘élebéalra}lﬁ@ tWHRR sVaFEeim & r vhrus

subcut gngops! ¥ ant @8- B At e OB ghgel |e§11t’é!tﬁ§'5 pasidg! Sgener e found
to be retained over time in ‘the tunor "tissues, resulting in Tasting |ight
eni ssi 6ANSTRECE plrggeﬁ@i%“%ﬁij HApl idmIestran BTt naNenonsls- dadedeaidaisi on
protei psckn t:ﬂ@ 5808 | 4Pt URLE W t BBtk 'ﬂb'bé/ecf‘é‘éf@d Sefbh QpPserving GFP
fl uorescence under a s ereom croscope and by ol lectin
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camer ayiduaoem$PeLddj C1hi @BhtPALSS| fRen Wake deheet ec;}f 4t1@@y§nféé€éd viral
injection in nude mice carrying 'subcut aneous C6 glioma inplants ranging in
si ze fVBRFiBE { BLPEHOWARS Slmﬁéaﬁfgnéplia@é%melﬁnr@qentm Bearing he 4th
posti niggbion ﬁ%manﬂrérﬁis'[&%cﬁﬁéng&w 4§m5§x§tea NHEathRg gLaad nued viral

repI i cation. unor accunul ati on of ruc-g Vi rus partl C| es was al so

seen | Rehifle WAEUS PATLHICAES YRER LEash o th?rréfreé:aélé@@ eped Ftsm il ant ed
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MCF- 7 human breast tunors. Further, intracranial” C6 rat glioma cell

i mpl anPESFGETmMATSE onpR Brfticatienanafvethe noisEsHRR fusion

proteins in the same tumor were monitored in live animals by

observing GFP fluorescence under a stereomicroscope and by
collecting 1luciferase-catalyzed light emission under a
low-light video-imaging camera. Tumor-specific light emission

was detected 4 days after viral injection in nude mice
carrying subcutaneous C6 glioma implants ranging in size from
25 to 2500 mm®. The signal became more intense after the 4th

postinjection day and lasted for 30 to 45 days, indicating
continued viral replication, Tumor accumulation of rVV-ruc-gfp
virus particles was also seen in nude mice carrying
subcutaneous tumors developed from implanted PC-3 human
prostate cells, and in mice with orthotopically implanted
MC¥-7 human breast tumors. Further, intracranial Cé rat glioma
cell implants in immunocompetent rats and MB-492 mouse bladder
tumor cell implants in C57 mice were also targeted by the
Vaccinia wvirus. Cross sections of a C6 glioma revealed that
light emission was clustered in ,patches, at the periphery of
the tumer where the fast-dividing cells reside. In contrast,
cross sections of breast tumors revealed that fluorescent
”islands" were distributed throughout the tumors. In addition

to primary breast tumors, small metastatic tumors were also
detected externally in the contralateral breast region, as



tumor cell inplants in C57 mce were also targeted by the Vaccinia virus.
Cross sections of a C6 glioma revealed that |[|ight em ssio?8 I%jddstered
in "patches,, at the periphery of the tunmor where the fas -giw I'ng cells

resi de. “)d'osﬁ)%&f ast, cross sections of breast tunor %cﬁifoesz!lﬁ‘? t hat
t he

fluorescent ,,1slands" were distributed throughout unors. In addition
to primary breast tunors, small netastatic tunors were also detected
externally in the contralateral bredst region, as 28 April 2006 WD

03/ 014380 PCT/ 1B02/ 04767 4 well as in nodules on the exposed |ung surface,
suggestisdd afetHst Befdlesn ehe thontaxpiogedr dungr eamtfaged |swggestingumary,
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em ssion was detected thirty-six hours after bacterial injection in both
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by the | mune system |In the cutaneous woung of ‘an I ntravenously injected
ani mal ,(SeR@on rer YaPriqghtighifirdgi-of i neebdsewhigil venmi Asjeetastt abl e up
to six;daysvoesisigiiaehi Afce ! fhd ' "B G {4 S eqd from
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enti r ePPIPALS £ yinder haur 40uf t Brohtdelimpgey ofmmediatiely. sVNei | biohto mice

W Lhouknt HEDGS. WEMEVEELecld | VeI 4RLSIRUT SoRes! - bRLEFt ! Bhergngipect edly, a
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g‘%%e
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to six days post-injection. In nude mice baring tumors
developed from implanted C6 glioma cells, light emission was
abolished from the animal entirely thirty-six hours after
delivery of bacteria, similar to mice without tumors. However,
forty4eight hours post-injection, unexpectedly, a strong,
rapidly increasing light emission originating only from the
tumor regions was observed. This observation indicates a
continucus bacterial replication in the tumor tissue. The
extent of light emission is dependent on the bacterial strain
used. The homing-in process together with the sustained light
emission was also demonstrated in nude mice carrying prostate,
bladder, and breast tumors. In addition to primary tumors,
metastatic tumors could also be visualized as exemplified in
‘the breast tumor model. Tumor-specific light emission was also
observed in immunccompetent C57 mice with bladder tumors as
well as in Lewls rats with brain glioma implants. Once in the
tumor, the light-emitting bacteria were not observed to be
released into the circulation and to re-colonize subsequently
implanted tumors in the same animal. Further, mammalian cells
expreésing the Ruc-gfp fusion protein, upon injection into the
bloodstream, were also found to home into and propagate in

glioma tumors.




metastatic tunors could also be visualized as exenplified in “the. breast
tunmor nodel. Tunor-specific light em ssion was al so obsery 8 Lip2006
i mmunoconpetent C57 mce with bladder tunors as well as in BW & Tats with

brai n oWwo@smi4sgep! ants. Once in the tunor, the |ight ppgigidkihg; bacteria were
not observed to be released into the circulation and to re-col onize
subsequently inplanted tunors in the sane aninmal. Further, mammalian cells
expressing the Ruc-gfp fusion protePn, upon injection into the

bl oodstream were also found to hone into and propagate in dliona tunors.
28 April 2006 WO 03/014380 PCT/1B02/ 04767 5 These findings open the way for
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tunors ggfd oy S|Sgnal Euhl %rl |1ghht gg ssion and/or for suppression of
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and (bpighelsdelékeprigghtobnbasiesi andl/@nd forMsRpbbadss @l | obasedotunor
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t ar get ekhénctiomrarspedif ithal dyvelidament: aff pattegi wor nald wassdeiahb) the

expressLon_ghd. sec i.on ,of the therapeutic gene constructs ar

pref er g%?{; und%r %‘%Fédrcon arrgltet(%flgan 5i %gﬁ%‘ﬁbl gnpr &%’g&fl?gl%[habwﬁg secretion
- to be $herepeulion gsneofbnsanuisc)forthehel brasdtmeniofolt kendeki vethgssyst em
~insidegthga i any,he rified | .visualid.zation before-activating
gene ggpr%ssing%“fgnghgr o%o\g'ﬁﬁh%légi \?g)ré?lg{:éfg%go'r di(ﬁgl fhetyhet%rr%egten B¢ hventi on
rel at e§URQYL gsHPahbElly wildout pifiecddegt immaimadonpicssue; on(bgonphé si ng a

M Crooggal or I alNi DNA nce. e in tectabl e

pr ot ei ng%lr %mﬁfot%ﬁ %%‘g%lehofd]?n%ci ngagggg ect aagfeggsfgﬁg}:ggﬁ%cor ding to
one aspEet BTeferaipgivesamdernibat kontrohepd iam imdoviitiéd prosetef, a vaccini a

ViTus eResiiegr eRBFALIAN O e CAMMOSLL Ofh T AL dSiECtign qfa fyror. tumor
tissue cancer or netastasis 1n a subject, ereid:
location of the delivery system inside the tumor can be

verified by direct wvisualization before activating gene

expression and protein delivery.

Accordingly, the present invention relates to a diagnostic
and/or pharmaceutical composition comprising a microorganism
or cell containing a DNA sequence encoding a detectable

protein or a protein capable of inducing a detectable signal.

According to one aspect of the present invention, there is
provided a use of a vaccinia virus in the preparation of a
composition for detection of a tumor, tumor tissue, cancer
or metastasis in a subject, wherein: _

(a) the virus is specifically retained at a tumor,
tumor tissue, cancer or metastasis due only to protection
of the wvirus in the tumorous environment from being
cleared from the subject by the immune system; and/or

(b) the wvirus cannot differentiate between a
cancerous cell or tissue and a non-cancerous counterpart
cell or tissue; and/or o

{c) the virus is not tumdr—targeted._




(a) the virus is specifically retained at a tunor, tunor tissue, cancer or
netastasis due only to protection of the virus in the tunE%%ys ﬁﬂ)ironnent
frombeing cleared fromthe subject by the i mune system pr %b) t he
virus cannot differentiate between a cancerous cell or tissue and a

. hon-cancerous counterpart cell orb5kissue; and/or (c) the virus is not
tunor-targeted. 28 April 2006 5a According to another aspect of the present
i nvenBiconrdibber eoi sapstdvedechspause aff athaccpneaeutr usnventhen, preparati on

of a ggngosition for.geéection of tunmor, tunpor tissue, cancer or

met astasrs i h%a BBy LT viher®i%h: Yhe *vi FA§COMpri $e848 chist Figt encodi ng
a det F%b@@kéti@hm@f N 20T c@Ps §1 €1 Hn CaRabl geebctREHCIY @ delgst abl e
signal; and (a) the virus is specifically retained at a tunor, tunor

ti ssuEumeAnEeFSYL, NERASEASPS WatashkRyitolpr ot eebiieat, ovheneivirus in the

t unorous epyiLrqQn t f .bei_n cle fr t ubj i mmune
systeny ang%%rgegggtﬁ8&§?P§§SC%nﬁ§F“§?§%§}é%ﬂ%ﬁ?@“%éfﬁ%%%eg a%g%cerous cel
or tipsueeand ar nan- pancedauscapabler paf t inekldingr hi sSuegcaqelor (c) the
virus is n?t tunor-targeted. According to anot her aspect of the present

invenfi8R3L/ t RBFe is provided a use of an LIVP strain of vaccinia virus in

the preparahyontRE &iGRMPOss L 5BRK @5 chii 89t MBI, Gfeq 8at URDT s A d4DI L SSue,
- cancer or metastasis in a subject, wheréin the conposition iIs for systemc

admi ntempat téssue, sadgecr Metastangst duanorier taspecetettide present
e e LB S BIOYAED BlSEell n nalte el vaggL e viThs i
' cleared from the subject by the immune system; and/or
(b) the wvirus cannot differentiate Dbetween a
cancerous cell or tissue and a non-cancerous counterpart
cell or tissue; and/or
(c} the virus is not tumor~targeted.
According to another aspect of the present invention,
there 1is provided a use of an LIVP strain of vaccinia
virus in the preparation of a composition'for treatment of
a tumor, tumor tissue, cancer or metastasis in a subject,
wherein the composition is for systemic administration to

a subject.

According to another aspect of the present invention,
there 1is provided a use of an LIVP strain of wvaccinia
virus in the preparation of a composition for treatment of
~a tumor, tumor tissue, cancer or metastasislin a subject,
wherein:

the composition is for systemic administration to a.
subject; and

the virus comprises a construct encoding a detectable
protein or a protein capable of inducing a detectable

" signal.




wherein: the conposition is subject; and the virus of a cancer conposition
for treatnent of or netastasis in a subject, for systemc ﬁ?gjniﬁk%ation to.
a conprises a construct encoding a detectable protein or a prg?eln si gnal .
capabl e of inducing a detectable 28 April 2006 5b In a preferred

enbodi nent, the mcroorgani smor ce&pl of said diagnostic and/or _

phar maceuti cal conposition furthernore contains (a) DNA sequence(s)
encoding (a) protein(s) suitable for tunor therapy and/or elimnation of
nmetastatic tunors, such as a cytotoxic protein, a cytostatic protein, a
protein inhibiting angiogenesis or a protein stinulating apoptosis. Such
‘proteins are well-known to the person skilled in the art and further

exa][rp: éfa af pyeifeabée qiied cﬁjmftar e;ﬁlg‘i v roe-guni ARy o i @é@@rg_&gis?[mﬁr celhl is
useful for the conposjtions of the.present invention, prqvided that they
repl i cSrRINTE i n%?éﬁi' s b RERRGRREIGATH o SO S ofhe ﬁﬁéﬁ%ﬁ??ﬁfee.g.
attenijabntl?iraend(as)r GI_)NPeeiﬁymieZtedf(Q?/ ?ﬂeodirrrmnmpypffﬁnm(st)he;ui@?ga@i sm etc.
Exanp 0 i.craqragani sns _useful. for -the 28 ril 2006, WD,03/014380

PO | BOSF 04786 YHARBY: A2 | SHUMAB 08, oFf & MEkASIPELE oL UPRE L of m

- "bactesiiai as asegtbbvxia preftain,t @ adicrtativhiprbtaia, par pseteiat

- tunor - i . 1 n not_differentigt.e hetween a ancerous cel
or tis%ﬁ%ﬂgﬁgﬁkhearlﬁ$9%§%8g§06§‘G%UHF8§ art éﬁ%ﬂqia%ﬁn9i§§ﬁE%D§FﬁCe t he
resul tSuglt protedpseeirsewedltkamimgo the person skilled in the art

- and further examples of suitable proteins are given below.

Any microorganism or cell is useful for the compositions of
the present invention, provided that they replicate in the
organism, are not pathogenic for the -organism, e.g.
attenuvated, and are recognized by the immune system of the

organism, etc. Examples of microorganisms useful for the




to the present invention show that bacteria etc. accumul ate in t he tunor
due to the fact that in this environnent they are not expﬂ§ ﬁ%%ttack by
the i mune system of the host. A list of candidate bacteria m ght be

~useful r th urposes of the present invention an ght not be

. tunor -t d@@gﬁﬂpare given in Table 1, below The perggﬁﬁgﬁpfgzd in the art
can easily identify such bacteria mhlch are not tunor-targeted by
commonl y avail abl e methods, e.g. th& nethods described in section 6.1 of

WO 96/ 40238. . Preferably, said bacteria are intercellular bacteria such as
E. col ipreEentaedalveatidh br eve chakbéenbs Vebdi oviirsséeri, Thebriterhar veyi ,

Lact obagci | | us. spp. Pseudonmnas . Ln the netho the resent
|nvent|§ﬁCteg}?u5%§ %ﬂﬂfgﬁﬁﬁ%in 6§%§?§ukgr%§cﬁﬁﬁﬁhlﬁgﬁ c&FFPsP%Ar 8%preferred
whi ch am& nmmokuﬂmrgéwmgeue@. R&eylcahanby ﬁiﬁfewenﬂiaﬂaebatybeplasnlc

Vi ruses, art| uIarI referred nbo e di nd/ or
phar rracémtc Q S|? %T c%ﬁ%n sgs tgl m g?%B?%nfrﬁrg%Sor%%%Ebgoﬁt aining a
DNA seqméﬂcereﬁnﬁﬁuag @ihoai hbsceasubial/ of thid¢ uexpsciemntsr deedingAs used
her ! Mkt Bl BLELNY SRONSRRCROF A0 Bt DBEEN! sl gt or escent
proteln So conprlses a sequence "enco Tu escent and

f 1 uor edhenttymost elue do firs mc‘qortmaé:l rn |thisn mmlmonmenVetpegf ereed

mbod t / t £th
Sro?e:ﬁﬁgncoé %Q§ 9%qgﬂg@%ﬁ?¥e§@%ﬁ@%mﬁgpggggﬁﬁ ?gg% or cap%b?e of ginding
a |igand asmiddidatenbbeterid a«gjrmm inel ot thﬁerusq@eimll cfom gved PuFResks gand 28
A %%O%hempﬁgéé%%tﬁ%gﬁgx ERE/ & nf %nﬁBE Be PG RLBELYI N | arge

smal | etc. etic conp oun such as a
synt hetar© gsvenom Batdleod), béi@w Tﬁaéﬁm‘s@n shélied vm/dihleo@a i BAR of

| abel e%am 599" gaeiégt@r%a{' ragdwﬂyaanap@tﬁ@@twt% ge¥bgupyi zed, e.g,

in real nns any known protein I| and-recept or
pai r f(gommgﬁﬁy |Qﬁﬂyhahée|gmethods, e.g. the methods described in

section 6.1 of WO 96/40238. Preferably, sald bacteria are

intercellular bacteria such as E. coli, E. faecalis, Vibrio
cholerae, Vibrio fischeri, Vibrio harveyi, Lactobacillus spp..,
" Pseudomonas spp. In the method of the present invention,
viruses and cells, particularly mammalian cells, are preferred
which are not tumor-targeted.- Particularly preferred are

cytoplasmic viruses.

In a particularly preferred embodiment, the diagnostic and/or
pharmaceutical composition comprises a microorganism or cell
containing a DNA sequence encoding a luminescent and/or

fluorescent protein.

As used herein, the term ,DNA sequence encoding a luminescent
and/or fluorescent protein, also comprises a DNA sequence
encoding a luminescent and fluorescent protein as fusion

protein.

In an alternative preferred embodiment. of the diagnostic
and/or pharmaceutical composition, the protein encoded by the
DNA sequence is a cell receptor capable of binding a ligand
which can be a diagnostic or therapeutic ligand. The ligand




useful in the nethod of the present invention. Preferably, to increase
specificity, nmutant protein |igands (or analogs if it is he '&%I
. . Tl
conmpound) or nutant |igand receptors can be genetically or cRenlcaIIy
I n

engi nee at they will not bind to any endogen | ecul es.
W”3%9?3%.‘{] r%’%ﬁﬁﬁ@%dl%ﬁ also linmit

additio 0 creasing specificity, these nutants/a

adverse effect to the normal host physiology. In a nore preferred

enbodi ment of the diagnostic and/or7 pharnaceutical conposition of the
present invention, the ligand js a radi onuclide-|abelled Iigand. Said

| i gand 988 D& g2  BEefainf of ighpting sudbdsat iodn Ipadingbeprphdedn eni ssion

conput eettiBeEgEaphYLESPEGT )sy?’r’itl‘%ts.ﬂc,t chJih,p%'iEinaSi(%Bc}at qavar §2§¥hé€§% )
resulting fromthe blndlng of radionuclide- labelled ITgand toits
recept GrEIEXPr B P BpecPEF caThpreforene e f dke vévot Usratden sof ol | owi ng

| ntravaReks cdelingivs O Lith  afMUNPCLAE BRGLA' I 1LhiUS G Ofe MAMMEI | an

cells Qarrang the receptor protein gene constru i onuclides may be
used f 3rSEEAYERET ofalst diforreel i bWy SPRET gid PEJos AMMOsY naey nal

radi ot hepany gfotdir $i g @r padkonugl i desorsall1lingt hes present
invention_are,(a) |3 - Qiiters such as 11C, 13N, 150 or 64CU or (b)
y-em t BEREULdR the f%%%l Hr thei BRegFrHesnvaRtieonn, Peeferapbyused as

tracer $of dncPedsknebude £ bb{py, 6rEBan®66B6t &I {dadds + (& Wndiodd . 57N,
55Co, 52Fe Fé_ﬁgg?.SP CT and PET are sensitive techniques that may be
[

"8 .
used f&F *Eufbr hGEacCUIRAHY 't @5t R taPEsdAPardyEREFRFPI Bt SPECT and

PET ar becapalite cafll 1getact éngnidaaqe, asmyiidefd 850 aBHay 28eAPNii 112006 WO
03/014%% PﬁﬂYéBOéé04767 8 em ssion frog1ra?|onuclldes. PET is even nore
t Ral® sPECT®™Y n ARG s MALPAPLERal | 1P ab?idt6YSR arfidval s, tunor

sensitiv
i magi ngnsepeifor neoke et ing ty, N ¢heBET moshhuSEahalode cheisl comgwercial ly

e ST AT s SR ST S

In a more preferred embodiment of the diagnostic and/or
pharmaceutical composition of the present invention, the
ligand is a radionuclide-labelled ligand. Said ligand is,
e.g., useful for tumor wvisualization by single-photon
emission computed tomography (SPECT) or positron-emission
tomography (PET) resulting from the binding of radionuclide-
labelled ligand to its receptors expressed specifically on
the surface of tumor cells following intravenous delivery
of, e.g., engineered bacteria, viruses, or mammalian cells
carrying the receptor protein gene constructs. Radionuclides
may be used for conventional tumor scintigraphy, PET ahd
possibly internal radiotherapv of tumors. Examples of

radionuclides useful in the present invention are {(a) B/*-

emitters such as ¢, N, 0 or ®Cu or (b) y-emitters such

as %°1,
tracers for PET include °°Co, ®Ga, *°Ga, °°Cu(II), °'Cu(II),

*"INi, *°Co, **Fe, °F, etc.

Other radionuclides that can, e.g., be used as

SPECT and PET are sensitive techniques that may be used for
tumor imaging according to the present invention. Both SPECT

and PET are capable of detecting trace amounts of_ﬁ*'and vy




engi neered anti body fragnment (Wi et al., PNAS USA 97 (2002), 8495-8500),
64Cu- | abel ed somatostatin (Lewis et al., J.Md. Chem 42 ( 41-1347,
64Cu- pyruval dehyde- bi s(N4- net hylt hi osem carba zone) (69 gﬁ%ﬁ% Adona

et al., 99 (2002), 3030-3035, 52Fe-citrate et al.
J.NeuraI“F ﬁé#g’r?\ Suppl . 43 (1994), 123-132, 52Fe/52§%&@§@&§{ﬁz ( Cal onder

et al., J.Neurochem 73 (1999), 2047-2055) and 52Fe-labeled iron(llIl)
hydr oxi de- sucrose conpl ex (Beshara 8t al., Br.J. Haematol. 104 (1999),
288- 295, 296-302). In order to apply the radionuclide-labeled ligand in
tunor CHGEEEER OAIOR heR AT ldivtasdi FF Tt HE ﬂgeépm@reps@ﬂémsm hizar he

| i gandgppay  birpd e@;ﬁ)@rﬁ!ﬁéhﬁ'yﬁglﬁé‘ Isﬂamvmﬁblﬁwom &1L s bachRs 4 2,
Vi ruses, or marma ian cells accordi ng to pr esent | nventl on. Since it

coul d B@agﬁB%nlﬁnPﬁﬁéoéﬁﬁﬁpmééng GEPWW*QQ%% strmentat rdiigioust y i nj ect ed

bact er icamn¥kEUSESy avdir@wI@l tBRoe&h) Sel P | eah&ospeci beakiyrdds t he
tunors,, _expression of the receptor proteins in the tunmors will mark the

tumor s ‘FBpP% é%b%tﬁﬁ@'by t he radi onuclide-1abel ed |igands. For exanple, in
the case of Vaccinia virus, to allow efficient tunDr detection the virus

~can be_used.to carry ons r codi ng rece rotelns that can
bind - EBBEPHTR A Pors e nead aad o Db aknaueryS: Arect FERLBIEI Xbconbi nant
Vacci nieagihessedl dovibddie fieldmearty (@h bheaaepepms USRNG7 a(wbcmrface
expressi,gp_ he regeptor otein in.the . tunor, tissues. The t he
radiongéggdgg?gbbled %B iﬁag&ﬁ?e 9% %&tﬁﬂtraU€ﬂﬁﬂ§ly etnt Pttte host. The
speci f gcMbd ndheg. mstvmv)r,adﬁmmmcle F“alne,_b[yedvhmamiﬁearﬂﬁhé hei+ receptors
28 April WO 03701 380 PCT/ LB02/ res ed. on cel
sur  acReLR POl A Rse o Ram ) pABeSREN “BE “Shrr P dtfRons
-ori gi napi ngoony y mmam PiFeprcd t ragleel Leagdéhs étmm Ss vwmeum onucl i des
w | | ow easy, tinc en t nd ng bont 1SS Ther ef or e,
handhoka %Pp étecég ?ﬁ %f%ﬁe §g?aiﬁgd to gg?53$% %h EHiade hol der
can be(detog@eﬂ eBasall. onJdt. Neusbghah. 73 (1299), 2047-2055) and
Fe-labeled iron{(III) hydroxide-~sucrose complex (Beshara et
al., Br.J.Haematol. 104 (1999), 288-295, 296-302).

In order to apply the radionuclide-labeled ligand in tumor
detection, the genes encoding the receptor proteins that the
ligands may bind are delivered by intravenously injected
bacteria, viruses, or mammalian c¢ells according to the
present invention. Since it could be shown in the examples,
below, that certain intravenously injected bacteria, viruses
and mammalian cells replicate specifically in the tumors,
expression of the receptor proteins in the tumors will :mérk

the tumors for targeting by the radionuclide-labeled ligands.

For example, in the case of Vaccinia virus, to allow efficient
tumor detection, the virus can be wused to carry gene
constructs encoding receptor proteins that can bind
specifically to the ligands. Intravenously injection of
recombinant Vaccinia virus allows the delivery of the receptor
gene and surface expression of the receptor. protein in :the
tumor' tissues. Then, the radionuclide-labeled 1ligands are
injected intravenously into the host. The specific binding
between radionuclide-labelled ligands and their receptors




of B - or y-emssion, the |labelled tunors can be cleanly excised while the
renoval of normal tissues is kept at a mninmm Particulq&ix Hggb rred is
gal lium 67 for the purposes of the present invention. Rkt ?67Ga)

can be Hﬁﬁﬁmh&% di agnosti c imagi ng usi ng PET, SPECTPCQ&?ﬁﬁkﬂ;igraphy. It
is known tor its ability to accunulate in inflamuatory Tési'ons and
tunors, especially in Iynphomas, but also in many other types of tunors,
such as in pancreatic tunors, lung Bunors etc. The nechani smof 67Ga

upt ake has been proposed to be through both transferrin-dependent route
and tr &ptressedh- ohndbpgerideor rcedle surfiache afllansf éhei nedepbhaenbfroute, it

has been_sho t hat over-expression .of transferrin reCfgtgr significantly
increasé@mg§2§aﬁﬁ aRk® ‘tBﬁoW"%Qﬂﬁ%&?nsF&FFﬁéPﬁ%%E? SRtY - tFFRsFERrin
recept ammanti bodpelsigyi ffheartumerl aglkish 674 dynd1idys cells. akogwsmal |

tumor imaging, very .high concentrations of 67Ga are required to overcone
backgr&@ﬁg'si%hﬁﬁ¥neﬁﬁﬂﬂ i RRTIRY cabB™Ffe G0¢ of POFBEbnbithdATeYacci ni a

Virus affeRirBgep hAAGRSEET A1 _ro‘?‘cC?‘P&QEec’rQﬁ&e SRS MCL ¢ QbR @Y eE 5 EXPT €SS Ng
transferrin receptors specifically on the surface of tunor ce?ls inlive
ani mal $Urgichimiaagat heddsrf slanoien e sitdnadendipsddhj et tlom eionak  viruses

is preferred. 67/7Gy_w.ll_be al del i.ver.e i ntravenaously. H . gh | evel
. accunulogdt’i@ﬁ o g?(% %%ijcﬁrrl]’or%ggl Flsabeaﬁjteﬁi t HEE pcPPorﬁ/et hgi%W%iy expressed
‘transf excipedecyitler schdiekpsotal So@nimforgant |Hidauqypvest wapt a&af egti on
abilities.in |ive animals and human patients. 28 April 2006 WD 03/014380
PcT11B82F0%787 10 I1n an alternative preferred enbodi nent, the diagnostic
and/ or pharnaceutical conposition of the present invention conprises a

T oSSR B el O 10, B S5UERCEEORELRE, 8 e Bh oL cortl
met al predeny phovenhson. FuGehéivoré] t K¥Gp) ot ean cae biwxbdonfemst agents,
diagnostic imaging using PET, SPECT, or scintigraphy. It is
known for its ability to accumulate in inflammatory lesions
and tumors, especially in lymphomas, but also in‘many other
types of tumors, such as in pancreatic tumors, lung tumors
etc. The mechanism of ““Ga uptake has been proposed to be
through both transferrin-dependent route and transferrin-
independent route. In the transferrin-dependent route, it
has been shown that over-expression of transferrin receptor
significantly increases %Ga uptake by tumor cells.
Furthermore, anti-transferrin receptor antibody
significantly blocks ®Ga by tumor cells. For small tumor

imaging, very high concentrations of ®'Ga are required to

overcome background signal. Thus, in this case, the use of
recombinant Vaccinia virus carrying a transferrin receptor
gene construct for over-expressing transferrin receptors
specifically on the surface of tumor cells in live animals
or human patients following intravenous injection of the
viruses is preferred. ®Ga will be also delivered
intravenously. High level accumulation of ¥Ga in tumor cells
‘with the help from the over-expressed transferrin receptors
helps to significantly improve tumor detection abilities in

live animals and human patients.



chronophores, ligands or conpounds required for visualization of tissues.
Preferably, said protein is a cell receptor capable of biichi}\nI%ﬁ)%
:

paramagnetic- or superparanmagnetic netal - |abelled |igand. _

vi sual | G5 MR, resulting from the binding of pP? gRetic- or
super paranmagnétic-netal - |abelled ligands to their receptors expressed
specifically on the surface of tunor cells followng, e.g., intravenous

delivery of engineered bacteria, vilduses, or mammualian cells according to

the present invention.carrying the receptor protein gene constructs has
sever atfPadPaAti§ER2LH TR RYSfierTrdy epbedinguiumitha iBmospsthesand®ml s in the

t unor spuk thacd@giddit aioalpb@m@ioﬂeé,e%mnpréééﬂﬂlaiﬂ@érﬁ%np%ﬂ??ﬂé@é ic or
super par anagnetic nmetal s cgu be used ,for this purpose. Preferably, due to

the sy&t BAfFECPD5 ™ Ot dzq;?é_‘é\}?lnﬁeﬁal@?’* tsﬁguﬁﬁﬁzérrﬁ@?@qlir& of
super pprapsapnetipabie 6ar ehahdng sl eehedlt aekeeparyeppenghhieets at
mnimal. In nbst ,currently available contyast agents, the netal particles
are eF?ﬂ‘é‘?arW%keam?%]:n%hex%PtTe)s' or®adfe C{‘}EF%H \/\n'bgﬂdb%‘?ynﬁ’r"gFeW‘ﬁ'ch are
much Zaﬁfﬂ;‘é:ﬁrﬁﬁ@g thalnenaklpﬁbmrﬁi cleas. Tbg;:i@f or@mﬁﬂa}gt usgg@ﬁtg,ihggnd?

t agge it el at ed .or _pol yner-coated netals is preferred. Methods for
| geggraFWE%m%pg}ﬂ]ﬁ'ezf‘gt é@ﬁgé ?;F nkEPPAIF preffiings fé’lll’):eV Pla?"?(ﬁ?)wllo t he
per sonoskitilsatesn t h@raféraklyy. , shbé prodkehn 1d gandediar etbestaxhem cal
conpound_l.i chem cal !%uattached to thegpgégel ates (e.g.

b%ancg i.s first
di et hyP#RET (R R BEnt BRI~ ( B PRV ST BR&R LEHEF S protei n
conpl ekabsl label iaghna .t HumetralvslsuAldizaician. byabdH i, ngremiltdeg haorbeen used

pCrT | BE0F O BFEE alh 0B aRATIEER T n B odUECRGRF RAPERY T1G 1A ed | ow
densi t yabélbapr dtgandssitng HERA- b sfegiteary | expdedsedesped B afaldnot ei n
descri Ba AR At rdel 87 o) et 1 R Mg e B Rl R “ohel at o
2- ( 4- i dot hwery anbt @obpihmdregt bacteria, viruses, or mammalian cells
according to the present invention carrying the receptor
protein gene constructs has several advantages. The high
level of accumulation of these metals in the tumors will
facilitate tumor detection. Virtually any paramagnetic or
superparamagnetic metals can be used for this purposé.
Preferably, due to the systemic toxicity of naked heavy
metals, the paramagnetic or superparamagnetic are carefully
selected to keep adverse effects at minimal. In most
currently available contrast agents, the metal particles are
either linked to chelates or are coated with polymers, which
are much safer to use than naked particles. Therefore, fhe
use of ligands tagged with chelated or polymer-coated metals

- is preferred.

Methods for generating contrast agents linked with proteins
are well known to the person skilled in the art, e.g., the
protein ligand (or other chemical compound ligand) is first
chemically attached +to the chelates (e.g. diethylene
triamine pentaacetic acid (DTPA)). Then, the chelate~protéin
complex is labeled with metals. A similar. labeling method

has been used in generating gallium-labeled somatostatin




met hyl ) diethyl enetriam ne-pentaacetic acid (MX-DTPA)) (Mrzadeh et al.,
Bi oconjug. Chem 1 (1990), 59-65) and nodifying proteins '%ﬁﬁ}ﬂﬁmcyclic
anhydride of diethyl enetriam ne-pentaacetic acid (ccnrwwoﬁg ncan and
Vel ch, Med. 34 (1993), 1728-1738) have been escri bed.
Alternaﬁﬁvgﬁ%?&NRl can be carried out by the follomﬁﬁgqﬁ%%g%% ches: (a)
Modi fi ed gadolinium activation due to enzyne/protein delivery This
approach is based on the principlesldf Gene-Directed Enzyne Prodrug
Therapy (GDEPT), in which case the enzynmes/proteins activate a
syst em @130 dnd éread rignrevidecipeodndguint bl abthaded dxivc démsgtySpeci fic
act vatigioifotdie, Wing 9AphaRY sA0R0L i hiRl [ AU NI ¥ StAlRAALO Strong
rel axivity state by the enzyne/protein in the tunors allo tunor
det ect i .1fﬂﬁ§ﬁé@?§neWb?%té%ﬁlégﬁﬁvéhyxioiﬂuﬁﬁmirﬁ§t agtenreved hielreough
i ntravenous! ¥répi LPpsted t gkl Vi :apd Lan cells,
whi ch carry ?he gﬁiggnggg?ng (g-gg?gcﬁggﬁgégé %%?gggiﬁgtﬁgﬁﬁgghgted
enzynejitinEhg. Hatgongas ek ife £n (Arisekiligyagrdidbgngylsécret ed form
or expresggd )an thiedyakakiai ohi FBPEliAEa8ld SWdiace. (ﬁstfn@ﬁ%h le of an
VR agﬁﬁi th can be cl eaved by, B-gal actosidase and used in i magi ng
“for tundH i Bh i% (4, P1A8ONIRG (albERe 1 (1990), 59-65) and
aci d) - IndZ£8ngal agiroRwiarosy kethoxyknd, 4, &yL0128 Apnhla2096 WOF03/ 014380
PCT/IBQ%/Q%F&? 12 tettaazacyclododecane)gadol|nlun1(E%ad) (Moats et al.,
1997, ) 195 HIRRE TE S AR BRTR S AL dpfidct O pyiarbs el FTESRRbe i(BUBB3Rti BREd at the
9th coavedidgti gn sivielQf mbe.GdS4 i pngoPue tiordghiryzghl ogkage, pusher protons
are excluded.frominteracting with Gd3+ ion, and therefore di m nished
ef f ect Cfilbe&-axation time. In the presence of 13-gal actosidase, the
enzynme cl eaves the gal actopyranose fromthe chelate, freeing the
coordination site, and allows irreversible transition of the contrast
agent

J Alternatively, MRI can be carried out by the following

approaches:

{a) Modified gadeolinium activation due to enzyme/protein

delivery

This appreocach is based on the principles of Gene-Directed
Enzyme Prodrug Therapy (GDEPT) , in which case the
enzymes/proteins activate a systemically delivered nontoxic
prodrug into active toxic drug. Specific activation of the
MRI contrast agent 1in weak relaxivity state into strong
~relaxivity state by the enzyme/protein in the tumors allows
tumor detection. The enzyme/protein delivery to tumors is
achieved through intravenously injected engineered bacteria,
viruses, and mammalian cells, which carry the gene encoding
B-galactosidase ({or any other related enzymes). The B~
galactosidase can be in either extracellular secreted form
.or expressed an the bacteria or mammalian cell surface. An
example of an MRI agent that can be cleaved by ﬁ—galactosidase
and used in MRI imaging for tumor detection is (4,7,10-
tri{acetic - acid)~1-(2-h~galactopyranosylethoxy)-1,4,7,10-




froma weak to a strong relaxivity state. Since the bacterium , virus-, or
manmmal i an cel | - based enzyne expression occurs only in tunmpy fftﬁ)
enzyme-nedi ated relaxivity state transition will also occur 8 y I'n the

tunors. yﬂg’ro%gore this enzyne-nediated activation q’ggﬁgﬁgfﬂﬁﬁ”aﬁ agents

can be u or tunor detection. In addition to the contrast
agent, simlar new contrast agents may be devel oped in which other types
of residues may be attached to thédZchel ates. These resi dues can be renoved
by their correspondi ng enz)yrres (simlar to the renoval of gal act opyranose

by gal detsarer@elodedgcane) fadmidaigas 459ad) Alnnte- gltuedsi dhsey,)

(3- gl ugHr epijdasesm oﬁ@dfr@egaw&o%ﬁa%eédlregaa@@ $51 gofitidifedt+ 1 on and
nodi fy the Ti relaxation tine for tunor detgctions. The genes encodi ng

these tBRzyHEs FRerdirabOyeSiter e?f bytheneGengi #&er edWacter i BLS vi ruses,

or mManpRbLRdgELatcaCobEbRY dre fe&@lﬁa@@ef@om IiMRRELeIng NPT@O\RPY new
contrast agents _usi nmetal s other than gadolinium may be devel oped for

enzymed %t|@%Cﬂéaleﬁl§lfgr?uﬂw1‘?3r%@dn§ff?ﬁ%°%ﬂﬂr el *@&ACRet EB%rbited with
t her apynhas shesdhden blie pighlavidiodsee)i offe 2HhAmle | c2086es WBHE3/ 014380

PCT/ | BQ2 04767 13 ri f deliyery vect or systeps for activation
of t h8aldntenLEng @ntg‘g‘b gﬁ nﬁgﬁeﬁ PLE’ gddSS RSuNyRE i Fé’f’rgh’aat%sequent ly,
t he ackivatiamd ofllansi hyeeterkimledtugnbytidie oSane consthsbtagelty expressed
-enzyne

e. q. act osi dase ct - Based, Det ecti on and
Thar nos % i ConeT ST PRy AV LY: REs oot Sie T LBt S as: agent
can be, adrusa ed:ﬂaymazmnaerm;neCéBl@as(e&- galAgdcoSetiasedsioas oesord bed
above, i ch,can be used f t unor det ec Subsequent |y
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for tumer detection.

In addition to the above MRI contrast agent, similar new
contrast agents may be developed in which other types of
residues may be attached to the chelates. These residues can

‘be removed by their corresponding enzymes (similar to the
removal of galactopyranose by galactosidase) (e.g. o~

mannosidases, o~ and P-glucosidases, PB-glucuronidases) to free
the 9th coordination site of the Gd* ion and modify the T1
relaxation time for tumor detections. The genes encoding these
enzymes may all be delivered by the engineered bacteria,
viruses, or mammalian cells according to the present
invention., Moreover, new contrast agents using metals other
than gadolinium may “be developed for enzyme-activated MRI

tumor imaging.

This approach can be combined with therapy as shown in the

following sections.




agai nst tunor cells for cancer treatnent. (c) Engineering of delivery
vector systens with the Two- Gene-Product-Based Detection i?ﬂ_ﬁPﬁﬁ peutic
Systens (TGPBDTS) CGene 1 is linked to a constitutive prond efan pr oduces
t he enﬁxﬂﬁﬁhgﬁptelns for sensing the contrast agent$-tfrderchet @l - bi ndi ng
proteins, noditied gadolinium or other agents) and gene iI's linked to an
exogenously activatable pronoter, which is silent without the activator
drug, and only turned on after t heldet ection vect or systemis found

positive by MR . The activation of the vector-based pronoter gene

const r M@%ﬁmnmpt% syatemsdfheh ackhiatdgenofof he

acti vat tie drasptribe rmﬁsed (eDyeCiiRAfiol hedoontinast 2989t aldpows the
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D

(dlagno$th;or E € above g, a Tum nescent
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vector. A person skllled in the art is fanlllar mnth exanp es thereof. The
DNA sequences can al so be contained in a reconbinant virus containing
appropriate expression cassettes. Suitable viruses that may be used in the
di agnostic or pharmaceutical conposition of the present invention include
bacul ovi rus, vaccini a, sindbis Vi rus, Sendai virus adenovirus, an AAV

rus r tor al so,. be a
¥;t$0v9$ﬁ§ B%E%ﬁYé N d%%&E%%%Q§%$§§;V RS or EBLVPSFor
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(described ln US-patent 5,646,298), may be cleaved by the same
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A

B-galactosidase in the tumors, to yield active cytotoxic drugs

against tumor cells for cancer treatment.

(c) Engineering of delivery vector systems with the Two-

Gene-Product-Based Detection and Therapeutic Systems
{TGPBDTS)

Gene 1 is linked to a comstitutive promoter and produces the
enzymes/proteins for sensing the contrast agents {e.g.
metal-binding proteins, modified gadolinium, or other
agents) and gene 2 is linked to an exogenously activatable
promoter, which is silent without the activator drug, and
only turned on after the detection vector system is found
positive by MRI. The activation of the vector-based promoter
gene construct is achieved by injection or by oral
administration of the activator drug. The repeated injection
of the contrast agent allows the real-time monitoring of
tumor size and location of metastases during the treatment
procedure. |




~linked with a pronoter allow ng high expression. Such pronoters, e.g.

i nduci bl e pronoters are well-known to the person skilled i%%%gf?&%ﬂ'
Preferably, the above constructs are inserted into the bactefial genone by

stabl e gfion. If such constructs are nade in ?Hﬁﬁn cells wusing
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manmal i an vgc ors, stably transformed cell lines wwth"a ghng?e-copy
~insertion will be generated for long-term expression in tunor cells. For

generating the above descri bed DNA d4dquences and for constructing
expressjon vectors or viruses which contain said DNA sequences, it is
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is e.g. human cytomegalovirus ,immediate early promoter,

(pCMV} . Furthermore, tissue and/or organ specific promoters

are useful. Preferably, the DNA sequences encoding, e.g., a

luminescent and/or fluorescent protein are operatively

linked with a promoter allowing high expression. Such

promoters, e.g. inducible promoters are well-known to the

person skilled in the art. Preferably, the above constructs

are inserted into the  Dbacterial genome by stable

integration. If such constructs are made in mammalian cells

using mammalian vectors, stably transformed cell lines with

a aingle-copy dinsertion will be generated for long-term

expression in tumor cells.

For generating the above described DNA sequences and for
constructing expression vectors or viruses which contain said
DNA seqguences, it is possible to use general methods known in
the art. These methods include e.g. In wvitro recombination
techniques, synthetic methods and in vivo recombination
methods as described in Sambrook et al., Molecular Cloning, 2
Labofatory Manual, 2™ edition (1989) Cold Spring Harbor
.Laboratory Press, Cold Spring Harbor, NY, for example. Methods
of transfecting cells, of phenotypically selecting



victoria (Prasher et al., Gene 111 (1987), 229-233) have been described
that allow the tracing of bacteria, viruses or manmalian l, ] H@%ed on

| ight em ssion. Transfornmation and expression of these genes*in bacteria
al l ows detsplhafn of bacterial colonies with the aidppf A PW |1 ght

i'‘magi ng canera or individual bacteria under the fluor escen? m cr oscope
(Engebrecht et al., Science 227 (1985), 1345-1347; Legocki et al., PNAS 83
(1986), 9080-9084; Chalfie et al., 58ience 263 (1994), 802-805).
Luciferi?tsa% %engs gave een expressed in a variety of organisns. Pronoter
act i vatTon BESEE oh FIGIRT SHPLEPBHRY UdihPNA §RIBENERS &Y (U ige thet r ogenase
pr onot exhovwsasiedeniinst natctdrisnar&iznki anr e6é dilg, Wi thin the cytopl asm of
cells of infected root nodules by low light imaging (Legocki et al., PNAS
83 (1986), 9080-9084; O Kane et al., J. Plant Mol. Biol. 10 (1988),
387-399). Fusion of the lux A and lux B genes resulted 28 April 2006 WO
03/ 014380 PCT1EB02/ 04767 16 in a fully functional |uciferase protein
(Escher_et al., PNAS_ 86 (1989), 6528-6532). This fusion gene (Fab2) was

i nt r odd&€d Pe5508 BHleilleds Jubthe i arhndnpuei PNBs sesyanbesi wmcoddeg t he
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pr onot er-bgg}teri al luciferase fusion gene consg)r uct, was denonstrated by
| ocal | 2FRGEPELRIGNagRer B4ahignsppt Stiussursh wiries t kacbding i ght
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Szal ay, Pl ant Sci. gnPlG (1986 , 59-72). Aala'LI glfcqt ﬁgg%gc??éﬁna?@’gﬁgﬂpr essed in
bact er TV fFeelas ofendlis ySaihiee S8st (1683, sTOh-233 Heaahaf raw
coel enygpazhneri f@k ki INtr U SSLLR. § ont t.. while,visuali ion of GFP
fl uorescence dolégs ngt reng re aélgﬂbthrngﬁé, l\gflﬁee%gi t%ﬁ%% eahtziaé

(1988), 177), firefly luciferase (de Wet et al., Mol. Cell.

Biol. 7 (1987), 725-737), aequorin from Aequorea victoria
{(Prasher et al., Biochen. 26 (1987), 1326-1332), Renilla
luciferase from Renilla reniformis (Lorenz et al., PNAS USA 88
{1991), 4438-4442) and green fluorescent protein from Aeguorea
victoria (Prasher et al., Gene 111 (1987), 229-233) have been
described that allow the tracing of bacteria, wviruses or
mammalian cells based on light emission. Transformation and
expression of these genes in bacteria allows detection of
‘bacterial colonies with the aid of the low 1light imaging
camera or individual bacteria under the fluorescent mlcroscope
{Engebrecht et al., Science 227 (1985}, 1345-1347; Legocki et
al., PNAS 83 (1986), 9080~9084; Chalfie et al., Science 263
{1294), 802-805). -

Luciferase genes have been expressed in a variety of
organisms. Promoter activation based on light emission, using
lux AB fused to the nitrogenase promoter, was demonstrated in
Rhizobia residing within the cytoplasm of cells of infected
root nodules by low light imaging (Legocki et al., PNAS 83
(1986), 9080-9084; O'Kane et al., J. Plant Mol. Biol. 10
(1988}, 387-398). Fusion of the lux A and lux B genes resulted




source is needed. More recently, the gene cluster encodi ng the bacteri al
luci ferase and the proteins for providing decanal wthin 'ﬂ}?’ whi ch
i ncl udes 1uxCDABE was isol ated from Xenorhabdus | uni nescens ? i gﬁen and
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secretion of the therapeutic proteins by

All of the 1luciferases expressed in bacteria require
exogenously added substrates such as decanal or coelenterazine
for light emission. In contrast, while wvisualization of CFP
fluorescence does not require a substrate, an excitation light
source is needed. More recently, the gene cluster encoding the
bacterial 1uciferase and the proteins for providing decanal
within the cell, which includes IuxCDABE was isolated from
Xenorhabdus Iluminescens (Meighen and Szittner, J. Bacteriol.
174 (1992), 5371-5381) and Photobacterium leiognathi (Lee et
al.,, Eur. J. Biochemn. 201 (1991), 161-167) and transferred
- into bacteria resulting in continuous light emission
independent- of exogenously added substrate (Fernandez-Pinas
and Wolk, Gene 150 (1994), 169-174). Bacteria containing the
complete lux operon sequence, when injected intraperitoneally,
intramuscularly, or intravenously, allowed the wvisualization
and localization of bacteria in live mice indicating that the
luciferase light emission can penetrate the tissues and can be
detected externally (Contag et al., Mol. Microbiol. 18 (1995),
593-603) . -




bacteria is nediated through either signal peptides or endogenous protein

secretion pathways. To provide additional safety to the Bgfgﬁﬁ eri al
i nduci bl e pronoters, such as |PTGinduced |ac pronoter na B ed to

exogeno ulate therapeutic protein production by bacteria. |PTG
regulatgﬁi%%%%égsion of manmmalian proteins in bact er i¥& THEE%Hden wel |

docunented. | PTG has al so been shown to be functional in pronoter
activation in animals. In addition tId |ac pronoter, other exanples of
pronot er.s )%hat allo regul ati on_of gene expression in bacteria include the

ara pr ohDteraliaet i it S HRPOL0aBEFBsEf die mxesent] invemsier ifactivated by
anhydr obattacyel i PRIEATA)) fbut ku@@@l-%ic%ér@bd Nachei %n%hé%% e (1997),
1203-1 %%. 28 Aprijl. 2006 03/014380 P /LéOZ/O 767 18 Table 1. Exanples
of canczl"%’L T &Y i B9 hi RN didade MRt B lustfmaine thad mricddnt

i nvent iba: uBather ifet-Brihef plesemntptimeReliehence st reusr Ao Ohes; ;g am
positiveﬁgacto aci |l usYqqurt bacteria; nonpathogenic (part of normal flora

R SR PrY R GhrtereRer | ePdi TBRGENIRAY B eahd ik ha i sty ) ;

be- Si non i
bl ast ol ysoinl182l, tundBadtsegeftedctdron 150t&d ednf repile DUl gapi Ciiésfs'ﬂﬁo"\’s

tit ' 107: 382- _effect (Bogdanaqv, et .al . 1975; Bogdanov at al. 1977,
| 22t[332§£###% i?geggglér 9§??;gﬁ§§ Péd&%@tﬁﬁg ﬂqéé(ha95§$éﬁoﬂﬁﬁﬁhcolon
-~ tunors ¢rehnahn$uﬁmbktamgtte®1bglcoﬁﬂﬁﬁlyBagdauabletmé?ﬁ@ﬁél8%2ga|: 1975,
FEBS_Le%ﬁeEﬁ@é%%%ﬁ?%%%c@?%Qéngﬂ g%cfﬁdn:%?gloé&ﬁg|96§§883§[0| Med 84: 709- 712;

 For safety and direct applicability to humans, bacterial
cell lines such as milk and cheese associated microorganisms
are preferred which are naturally consumed by most
individuals and have intrinsic anti-tumor activity when
injected directly to solid tumors. Such bacteria also
include bacteria that were naturally isclated from human
tumors which developed co—existence (symbiosis) with a
variety of types of tumors or with a specific type of tumor.
Extracellular secretion of the therapeutic proteins by
‘bacteria is mediated through either signal peptides or
endogenous protein secretion pathways. To provide additionél

safety to the BMPT, bacterial inducible promoters, such as

IPTG-induced Iac promoter may be used to exogenously
regulate therapeutic protein production by bacteria. IPTG-
regulated expression of mammalian proteins in bacteria has
been well documented. IPTG has also been shown to be
functional in promoter activation in animals. In addition to
lac promoter, other examples of promoters that allow
regulation of gene expression in bacteria include the ara
promoter (activated by arabinose) and PLtetO-1 promoter
(activated by anhydrotetracycline (aTc)) (Lutz and Bujard,
Nucleic Acids Res. 25 (1997), 1203-1210).
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a?t%fﬁdﬂgaljﬁgrg%eneﬁclal organism
needed by human body);

(Kel kary et | Nedpathopehs
Nonpathogenic (part of normal flora beneficial organism

Sporogenes
lactis needed by human body);

Lactobacillus
Laciobacillus | ATCCH#9338

Jermentum

Yopurt bacteria; nonpathogenic (part of normal flora be-
neficial organism needed by human body); reported tu-
mor-specific transplantation resistance in rice after
treatment of initial tumors with S. thermophilus (Kaklij
and Kelkar 1996); T-lymphocytes are involved in antitu-
mor activity exhibited by S. thermophilus (Kaklij et al.
1991); intraperitoneal administration of S. thermophilus
resulted in complete cure in a very significant proportion
of ascitic form of sarcoma-180 or Ehrlich ascites carci-
noma tumor-bearing mice (Kelkar et al. 1988), ATCC#
BAA-250D,

Streptococcus
thermophilus

' 1988, Cancer

Kelkar et al.
Leit 42:73-77,

Kaklij et al.
1991, Cancer
Leit 56:37-43;

Kaklij and
Kelkar 1994,
Microbiol
Immunol
40:55-58

Nonpathogenic; B. subtilis bacteremia has been signifi-
cantly linked with cancer patients (Banerjee et al. 1988);

Bacillus sub-
tilis

Banerjes et al.
1988, Arch
Intern Med
148:1769-
1774

Nonpathogenic; peptidoglycan from B. megaterium inhi-
 bits tumor growth (Nauciel and Goguel 1977);

_ Bacillus
megaterium

Nanciel and

Goguel 1977,
J Natl Cancer
Tnst 59:1723-

1726




BAA- 250D. M cr obi ol I nmunol 40: 55-58 Baci |l | us sub- Nonpat hogenic; B. subtilis
bacterem a has been signifi-Banenjee et al. tillscantly | ii};k d.% cancer
patients (Banerjee et at. 1988);1988, Arch Inter Med 148: T rll1

Baci | | n ogeni c; peptidoglyean from B. negater| | nhi-Nauci el and
megat erﬁgﬁ%’ﬁﬁé&t unmor growt h (Nauci el and Goguel 1977;‘)?&%}5@76 977, J Nall
Cancer 1nstb59:1723- 1726 28 April 2006 WO 03/014380 PCT/|1B02/ 04767 20

Baci | | usNonpat hogeni c; of a Mycobacge- Nonpat hogeni c; fast-grow ng; Saito
and Wat anabe (1981) Lanensans et rium sneg-showed that "the bacteriocin from
M sneg®asis pr ojMeqedbgenid;9 75, Proc maul snor phol ogijcal alterdtions and

I nhi bi tlipewmaed syt hesi s of Natl Acad Sci ribonucl ei ¢f acid, degxyri bonucleic
aci d_andgpeeiel N | NonpalheldDé) fist-growig Sahnl WataRdk (1981) NRmeRRkear|sf onned cel | s’
, 12: 3636nR30M8s SioRedibsl “NEbRRARE FoBAL, srbbrichi®profiicsdl | . MIBNPoc 45: 13- 22
MycobagtgrNonpat hagendissical dlibtBliondéa HBiblass GRS HONPatdN@sts;| ATCCH 35782
rium mjcroti M cobamh@NRRIPRLAAERNEGS ackl ANb:BEAM thO. | PHAt ochr gnpgen Hum
habanagri gi ni al | Y haRlalieek iR i iRbkekamedkligt er i al Nthagglded.dr pat hogen

Satto and
Watanabe
1981, Micro-
biol Immunol
25:13-22

Mycobacte- Nonpathogenic;

| rium vaceae
Mycobacte- Nonpathogenic; ATCC# 35782
rium microfi

Mycobacte- Nonpathogenic; slow-growing, photochromogen
rium habana | originially isolated from monkeys;

Listeria Intracellular pathogen

monocyfoge-
nes
Enterococcus | Have been isolated from fumors and infection endocardi- | Milbrandt

Jaecalis tis; ATCC# 29212, 51299 : 1998, Ciin
| Cardiol
21:123-126
Aerobes, gram
| negative
Escherichia Intravenously injected E. coli shows tumor-specific locali- | Shabahang et
coli _ zation. al.
unpublished

data




nonocyt oge-
endocardi -M | brandt faecalistis;

21:123-
coli s

dat a Zg&ﬁé?ﬁl]ﬁ

126

Aer obes,

associ ates have used intravenously injectedPawel ek et al.

- typhi nuriunBal nonel la as a protein delivery vector (Pawel ek et al

nes Ent erococcusHave been isolated fromtunors and infection
ATCCH 29212, 512991998,

gram negati ve Escheri chi al ntravenou
npr-specific |ocali-Shabahang et coil zation. al.
%006 WO 03/ 014380 PCT/ | B02/ 04767 21 SaltUM¥ ™ 8Ennudes and

AP bCy &

unpubl i shed

. 1997,

Cancer 1997; Bernudes et al. 2000; Cairnont et al. 2000; ZhengRes 57:4537-
et al . |2oR0ndBer da ot Assaed Resediawadusty iedsdof Phiadidk ctael || a
( TK) - depenterin [ ( Sd)xeldhk M4 poein dalivay vealr @iwsk el £aSt | 307 fcahddr hi gher in tunor
tissue|conpared ta99TBahaRestElJED; Chirhdnbd HIE2000;) AhMaj [ENes 37:457- [2001) ; Phase |
study qf the intnanak-2000;)BeRREks adihysonigktSshewebdh Bhimb.y at | g, of at tjenuat ed
Sal nonel | a typhi Muell(PKMREenBinDj(14)CIHU Rodlati@idra: Wit h metastatic nmel anona
showed |NO465: 57- 6 Fast S0l HiAEF n RbbOSsbue CdRRRd &imatle 208 dnded fi rjront at al .
2000, J Infect Disssddjut880t 2120008; PHARARAALRS tRlntrav0 004, 260 aky Res 12: 127-
nous administration of attenuated Salmonella typhimu- Exp Med Biol
rium to patients with metastatic melanoma showed NO 465:57-63;
ANTITUMOR effect (Toso et al. 2002)
. { Clairmont et
al. 2000, J
Infect Dis
181:1996-
2002;
Zheng et al.
2000, Oncol
Res 12:127-
135;
Tjuvajev et al,
2001, T
Control Re-
lease 74:313-
315;
Toso et al.
2002, J Clin
Oncol 20:142-
152
Vibrio cholera | Intravenously injected ¥. cholera shows tumor-specific Shabahang et
localization; nonpathogenic strains of ¥, cholera are al,
available; ; unpublished
data
Vibrio harveyi | Nonpathogenic; luminescent bacteria; ATCC# 700106,
Pseudomo- | Nonpathogenic; motile by means of multiple polar Hsueh et al.
nas fluores- | flagella; P. fluorescens bacteremia has been re- 1998, J Clin
cens ported in cancer patients (Hsueh et al. 1998); P. Microbiol
fluorescens can bind to nerve cells and behave as | 36:2914-2917;
a pathogen (Picot et al. 2001); normally grow at 26-
30°C, but ATCC# 17583 can grow at 37°C. Picot et all.
2001, Micro-
bes Infect
’ 3:985-995
Pseudomonas | P. putida bacteremia has been reported in cancer patients | Pekhov et al.
putida (Martino et al. 1996); L-Mgthioninase from P. putida 1983, Biufl
: depletes methionine and inhibits tumor growth (Kokkina- | Eksp Biol Med
kis et al. 1997); normally grow at 26°C, but ATCC# 95:37-88;
43142, 47054 can grow at 37°C.
Anaissie ef al.




135; Tjuvajev et al. 2001,1 Control Re- |ease 74:313- 315; Toso et al.

2002, J din Oncol
chol era shows tunor-specificShabahang et
f V cholera areal.

strains

20: 142- 152 Yi brio chol eral ntravenously
| ocal i zati on;
avai | abl e; unpubl i shed data Vrbri o harve

orpaeRaGee.

" Nonpat NOHBME | uni nescent bacteria; ATCC# 700106. BSEIBBA8Ronpat hogeni c;

notile by nmeans of multiple polarHsueh et al.

nas fluores-flagella; P.

fluorescens bacterem a has been re-2998, J Cdin consported in cancer

patients_(Hsueh at_at. 1998); P.Mcrobiol fluorescens can bind to nerve
cel I's dnd behave |as36: 2914- 2917; a pathogen (Picot PBfogatam ZO0L); nornally
grow at| 26- 30C, |but ATCC# 17583 can grow at 37C. Pi cotq ®tiiai..| 2001, M cro-
bes I nflect 3:985-{995 PseudononasP. putida bacterem gijogas been reported in
cancer |patientsPdkhov et at. putida(Martino at at. [1996); L-Nethi oni nase
fromP.| putidal983, Biull depletes nethionine and | nghdidesat UMor growt h
( Kokki na- Eksp Bigl Med kis at al. 1997); nornmally of 26, hr 26 but
ATCCH9OY: 87-88; 43142, 47054 can grow at 37C. Anai SSj Gindlic@biol [28 April 2006
WO 03/Q14380 PCT/|1 B0O2/ 04767 22 1987, AmJ Med 82: 119sq Dis
15:610-615;
Kokkinakis et
al. 1997, Nuir
Cancer
29:195-204;
Miki et al.
2000, Cancer
Res 60:2696-
2702
Anaerocbes,
gram positive
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Kimura et al.
rium bifidum | needed by human body); showed by Kimnra et al. (1980) 1980, Cancer
that “selectively localized and proliferated in several types | Res 40:2061-
of mouse tumors following i.v, administration” and “None 2068;
of the same bacilli could be detected in the tissues of
healthy organs such as the liver, spleen, kidney, lung, Biffi et al,
blood, bone marrow, and muscle 48 or 96 hr after i.v. 1997, Nuir
administration into tumor-bearing mice”; shows antiproli- | Cancer 28:93-
ferative effect of milk fermented by B. bifidum on the 99
growth of a human breast cancer cefl line (Biffi et al.
1997); ATCC# 11863, 15696
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Mizutani and
rinm longum | needed by human body); inhibitory effect on liver tumori- | Mitsuoka
genesis (Mizutani and Mitsuoka 1980); B. longum was 1980, Cancer
shown to “selectively localized 1o and proliferated in 7,12~ | Lett 11:89.95;
dimethylbenz{ajanthracene-induced rat mammary tumors
after systemic application.” (Yazawa et al. 2001); was Yazawa et al.
shown to selectively localize and grow in hypoxic tumors | 2000, Cancer
(Yazawa et al. 2000); ATCC# 15707 Gene Ther
7:269-274;
Yazawa et al.
2001, Breast
Cancer Res
Treat 66:165-
170
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism | Kohwi et al.
rium infantis | needed by human body); shows strong antiproliferative 1978, Gann
effect of milk fermented by B. infantis on the growth of 2 | 69:6 13-618;




1194; Martino et al.

Kokki nakis et al.

"Hostubid,

of nor
body) ;

1996, Eur J din Mcrobiol

I nfect D s 15: 610 615;

1997, Nutr Cancer 29:195-204; Mki et aI 'fz\ ncer
Res 60:2696- 2702 Anaerobes, ram positive B f dobaate- Nonp Rogenl c (part
beneficial organisnKinmura et al. I £ eded by human
Kimura et al. (1980)1980, cancer thﬁ?jm "g*dg@?l vel y
| ocalized and proliferated in several typesRes 40:2061- of nouse tunors
followng iyv adm nistration" and "Nene2068; of the sane bacilli could be
detected in the tissues of healthy organs such as the |iver, spleen,

B. biiidumon
1997); ATCCH
benefi ci al
tory effect on
| ongum
erated in

mary tunors

et al. shown

(Yazawa et

ki dney,| | ung, Bi f f| ihu@in bedast clk® @l in® (BXE er@I 199Wanddlid: Muscl e 48 gr 96 hr after
. v. 1997, Nutr adminkr Sl &ithrids (KOiva of UMOTS; BE@E el M (C%Rkine & RIOWS
ant i prgl i - Cancer |188598ekint @B19985 ATCELCS6opf M | K T ermegs, ednday
t he99 growm h of a human breast cancer cell |ine (Bi|pesa$.17ab-
11863, |15696 Bi fildobact e- Nonpat hogeni ¢ (part of norjmgbz.fl ora
organi $nM zut ani jand rium | ongummeeded by human body); i nhi bi
l'iver tjunwi-Mtsuoka genesis (M zutani and M tsuokjgeLR39); B-
was1980¢, Cancer shown to "selectively localized to |aags i@l if
7,12-Lett 11:89-95; di net hyl benz[ a] ant hracene-i nduc gliman
after gystemc application.” (Yazawa et al. 2001); vggyazawa
to selectively | ¢calize and grow i n hypoxic tunors2000, Cancdr
al . 2000); ATCCH#|15707Cene Ther Biffi et al.
1997, Nutr
Cancer 28;93-
99
Bifidobacte- | Nonpathogenic (part of normal flora beneficial organism
Hum latero- | needed by human body),
Sporus
Bifidobacte- | Shows antiproliferative effect of milk fermented by B. Biffi ¢t al.
rium avimalis | animalis on the growth of a human breast cancer cell line | 1997, Nutr
(Biffi et al. 1997); ATCC# 25527 Cancer 28:93-
99
Actinomyces | Actinomycetes are fungus-like bacteria that form fila-
israelii mentous branches. They are known to reside in the mouth
and in the intestinal tract. Pathogenic proliferation of the
organisms, which is usvally a result of trauma to the re-
gion of infection, can lead o actinomycosis.
Eubacterium | Eubacterium species are normal flora of the intestinal
lentum tract. However, they may cause opportunistic infections.
E. lentum, the most often isolated species, has been linked
to endocarditis and some wound infections.
Pepiostrepto- | One of the most common bacteria found in non-sparing Chatterjee and
-| coccus an- anacrobic (NSA) infections in certain surgical group of Chakraborti
aerobius patients; ATCC# 27337 1995, J Indian
Med Assoc
93:333-5, 339
Peptococcus | Found in wound infections; Chatterjee and
prevotii Chakraborti
1993, J Indian
Med Assoc
93:333-5, 339
Clostridium Strict anaerobe; wildly in soil; motilify is inhibited inthe | Dang et al.
novyi presence of oxygen; Vogelstein lab (Dang et al. 2001) 2001, Proc
showed that “intravepously injected C. novyi-NT spores Natl Acad Sci
germinated within the avascular regions of timors inmice | US A
and destroyed surrounding viable tumor cells”, “Large 98:15155-
numbers (up to 10° in a volume of 500 pl) of C. novyi and | 15160;
C. sordellii spores could be injected intravenously into
normal mice without causing any noticeable side effects.”; | Nuyts et al.
ATCCH# 19402 2002, Anii-
cancer Drugs |




7:269-274; Yazawa et al. 2001, Breast Cancer

Res Treat 66:165- 170

Bi f rdobact e- Nonpat hogeni ¢ (part of normal flora benefici a'zq% ' gKohvm' et
al. Muminfantisneeded by human body); shows strong antiproliférativel978,
Gann ef mlk fermented by B. in antis on the a69: 613-618
28 Apri%g’gﬂg“g% 03/ 014380 PCT/| Bo2/ 04707 23 human: bFSLLEe ’c‘:’g’fﬁ%er cell line
(Biffi et al. 1997) and other tunor cells or tunors (Kohwi et al. 1978;
Sekine et al.Sekine et al. 1985; Sé¥dine et al. 1995); ATCC# 156971985,
Cancer —Res_45:1300-_1307; Sekine et al 1995 RBiaol Pharr Bull 18:148-153;
Biffi ket _al_ 1997 Nutr Cancer 28:93- 99 Bifidobactd3: pgeni ¢ (part of
nor mal | $estidium enedTCG#H71br gani sm ri um | at er o- needeq by human|{body): sporus
Bi f i dopseeded Shows antjproliferative effect of milkl|fernentedjby B.Biffi et
al . ri uWosindivral | SAFCCHRA7FE on the growth of a human|breast capcer cell
linel9Rsomdat r (Biffi et al. 1997): ATCCH 25527Cancer 28:93- 199
Act i nonflleesdian i n»oTtpysetés(ZQi}d)edeﬁngamﬂdecﬁcm\geﬁnydfa t Ahdys ek m 1i | a-
| srael ) dceehip@ius |bay@eicdvesminakdie yolid mendkstg\angideared €lastrte | i1999] Ayl m)yth and in the
i ntestjavad tract| difaichogeilicien”pOibbrréledyiapas(Tadys btk | Environ Mic-
1999); ATCC# 824 robiol
65:4295-4300;
Theys et al.
2001, Cancer
Gene Ther
8:294-297
Clostridium | ATCC# 17836
bifermentans
Clostridium | The link between C. difficile and cancer patients has been | Anand and
difficile documented (Anand and Glatt 1993; Simon et al. 2000); | Glatt 1993,
ATCC# 7000657 Clin Infect Dis
17:109-113;
Schuller et al.
1995, Arch
Dis Child
72:219-222;
Weld ot al.
1999, Med
Pediatr Oncol
32:336-343;
Simon et al.
2000, Infect
Control Hosp
Epidemiol
21:592-596
Clostridium ATCC# 19401
histolyticum
1 Clostridium Pathogenic; C. perfiingens bacteremia has been often Bodey et al.
perfiingens reporied in cancer patients; C. perfFingens enterotoxin 1991, Cancer
kills tumor cells and reduce tamor growth (Michl et al. 67:1928-1942;
2001); ATCC# 3624, 13124
Micht et al.
2001,
Gastroentero-
logy 121:678-
. 684
Clostridium Brown and associates at Stanford described that “To de- | Minton et al.
| beijerinckii monstrate the specificity of this approach for tumor targe- | 1995, FEMS
Microbiol Rev




organi sms, which is usually a result of trauma to the re- on of
can |l ead to actinonycosis. EubacteriunEubacterium species o
t hey may cause oppor
g).?)sﬂsmﬁssol entum the nost often isol ated speci
it

of the
i nfecti
endocar

i nt esti nal

s and

| entuntract. However,

some wound i nfections. Peptostrept

(0]

i nfection,

fehPam, o
Fapiaps

en linked to
e nost conmobn

bacteria found in non-sparingChatterjee and coccus an-anaerobi c (NSA)

i nfections in certain surgical

gr oupsof Chakr aborti

aer obi uspatients;

ATCCH

273371995, J Indian Med Assoc 93:333-5, 339 PeptococcusFound in wound

I nf ectijons; Chat t ¢} bajerswrtli, whizk apoh btk @R Gpidduci®ls, | Ur:3sndédsan (Med Assoc
93: 333-|5, 339 d gstateindl expitésrihed caindtmiadigise pod. Mityord-n| soil; motjility is
i nhi bi tled in t heDdmgpseicticity was ategiaple 6L thrhorodiyige nj; Fovegl st ein | ab (Dang
et al. 12001) 2001, tieriest 5 84yeufeel inkrix@iious injattopufi@ting! vy i njoesiGest C.i navy/ - NT
sporesNat| Acad S$elosttidisl Bpona]ifdicaigt d1hpid frddsiiaiRmapbar | TREI: pMs df tunors in
m ceUSA and dest 1| eyrestoduttive etaet{Lagmot e0dl] B97)Lotis relaeti| [s178; " Lar gg98: 15155-
numbers (up to 10$agefd o CVaReHIRIOImEedady (Madtoret atnavly! and15160; C.
sordel Ifi i spores {agas| BENIS Midigbat ReA 7i351-BaaYRR@LE] Y | NtIemAes &8l |M ce wit hout
causi ng any noti ¢eedgh.aatocdessbf ects. ”; Nuyts et al. IABGCEA94022002, Anti -
cancer |Plugs 28 April 2006 WO 03/014380 PCT/ | BO2/ 04 Hhér £270113:{115- 125
Cl ostrijdi umATCC# 9714 sordellii C ostridi umATCCH 275bk absonym
Ol ost 1 i GlomERAY'S | Blarns sapRPIVE] BORARIShHAR%: SReE! 1|5y &al 98T 1ng of Theys et
al . sporogenes described that “systemic delivery of 5-FC into mice previ- | 2002, Gene
ously injected with CD-transformed spores of C. sporo- | Ther 9:291-
genes produced greater antitumor effect than maximally | 296
tolerated doses of 5-FU™"; ATCC# 19404
Staphylococ- | Non-motile, non-sporing and facultatively anaerobic; a
cus aureus halotolerant (salt tolerant) organism associated with the
nasal mucosa of mammals which bas both benign and
pathogenic strains; S. qureus bacteremia is frequently seen
in cancer patients, ATCC# 25923
Staphylococ- | Nonpathogenic normal microflora component of the skin;
cus epidermi-
dis
Anaercbes,
| gram negative
Acidamino- Found in wound infections; Chatterjee and
coccus fer- Chakraborti
mentans 1995, J Indian
Med Assoc
93:333-5, 339
Plant bacte-
ria, gram
positive
Clavibacter Fathogen of fomato
michiganensis
subsp. nrichi-
ganensis
Plant bacte-
ria, gram
| negative
Agrobacte- A. tumefaciens in plant tumors (Ullrich and Aloni 2000); | Aksac 1974,
rium tumefa- | Kunik et al. (2001, Proc Natl Acad Sci U S A 98:1871- Turk Hij Tecr
ciens Biyol Derg

1876) described “Agrobacterium attaches to and geneti-




acet obul yli-cytosine deam nase to solid tunors by engi neered O ostri-1999,
Appl coi ndi um acet obutylicunf; OQher rel ated papers (Theys 69}&@12(%3“ ron

M c- 1999); ATCCH 824robiol 65:4295-4300; Theys et al. 20021, ncer Gene
‘They 8: 3@AnARssCl ostridi umATCC# 17836 bi rnentans C g%gh%)g} he |ink
between C. docile and cancer patients has beenAnand an ifo I ci | edocunent ed
(Anand and d att 1993; Sinon et al. 2000);d att 1993, ATCC# 700057Cin
Infect Dis 17:109-113; Schuller et 26. 1995, Arch Dis Child 72:219-222;
Weldet_al. 1999, Med Pediatr Oncol 32:336-343; Sinon et al. 2000, Infect
Control| Hosp Epi (el bhosimGoRrab§fcs Of lmebm cetls Lm¥ef Gt | B94011;hi stol ticum

- O ostri|di unPat hogenérted tha antiexdiby dagnige Auhaioteas et a hgs been of jenBodey et al.
per fringensr epor { fodnd in pgenic with edus eatas (Alsac pei Turk ( dasbreskt err ¢t oxi n1991,
Cancer (ki lls tumpHijGedr Biyobmi 34cidtid)e giow m026-39PQWTICCE Nat 1982eX  alf. 67: 1928- 1942;
2001); {ATCCH 362415983124 M chl et al. 2001, Gastrogmeippl
Genet 1:361-
370;

Rezmer et al.
1999, Planta
209:399-405;

Ulhrich and
Aloni 2000, J
Exp Bot
51:1951-1960,

Azmi et al.
2001, Planta
2001
May:213(1):2
9-36;

Kunik et al.
2001, Proc
Natl Acad Sci
USA
98:1871-1876
Erwinia her- | Non-capsulated, non-spore forming, short rods with 2 Meadows et
bicola single monotrichous polar flagellum, and are harmlsssto | al. 1976, Can-
humans; purified tyrosine phenol-lyase from E. herbicola | cer Res
significantly inhibited growth of established B-16 mela- 36:167-167

noma tumors;

Azorhizobium | Symbiotic, colonize plants, fix nitrogen;

caulinodans

Xonthomonas | Pathogen of pepper and tomato

campestris pv.

vesicatoria

Xanthomonas | Pathogen of beat and cabbage; E. coli lac promoter was | Soby and Da-

campestris pv. | shown to be fimctional in this plant pathogen; niels 1996,

campesiris Appl Micro-
biol Biotech-
nol 46:559-
561

Note: The content of this table is by no-means to be eshaustive. Any other similar bacterial

strains, which are not listed in this table, are also considered to be included.

Particularly preferred is attenuated Vibrio cholerae.




| ogy 121:678- 684 ClostridiunBrown and associ ates at Stanford descri bed
that "To de-Mnton et al. beijerinckiinmonstrate the specifygist,i) 9fogt hi s
approach for tunor targe-1995 FEMS tin g, we intravenous) Inject e(? t he

i nacti veyoe@a@ifgsd or m of M crobi ol Rev 28 April 2006 WO R3/RbAsie

PCT/ 1 B02/ 04767 25 C. beijerinckii, which upon transition to a
reproductivel7: 357-364; state will express the E. coil nitroreductase gene.
Nitrore- ductase activity was det ectable in 10 of 10 tunors duri ngFox et

al. the first 5 days after intravenous injection of inactivel996, GCene
clostridial spores, indicating a rapid transition fromsporeTher 3:173- to
r epr odéctfuveher at:emplieemfon backdriut®Berudt ber tied aeek78:ipapers on C.

bei jeriyncki ..t r, t Iy Mnton_ et al,. 1995, FEMS M.crabiol Rev
17:357-""36‘%59&%’%{3{: ar g’trsrﬁrggmét Q. GI%E)ITRYERE S5 SBYSEPT 186 Ther

4: 791- thesa@uwsic i tinetHat ndasgserdapiophy tmegnBt don baedeassnci(gbeslat

St anf o J t o] e i hed at .".system iv_e of 5-17C
into mhgga%rlgv}?@%aé,e %%%Jgﬁg%égl ;ﬁi';ﬂ}ﬁq:ectﬂeeg: evﬁttlﬁ}[lCDﬁﬁPgﬁgﬁ)ir ‘medgé res of C
spor o- PREEeDiR9allgendsmprodisdedtgrratidrroaghi tiheor aedtmctattiban afixi mal | y296

t ol er ag O9$ES] - ELL >t.a - -notil e, non-sporing
and faéglg?ati vel %gﬁgg%%b?ﬁ%@i%%%}gﬁsﬁg%?g%rg%? lf%ajr?g%%freecyant)
or gani $EPBssbeeal ecand t ratigcnasadimenssa ofhemmats whéamdblas ddt h beni gn

ot onp ool ShBaheeLe %’ﬁ??%?é?ﬁ N oo A kel A -ofTara component
of theMskFebiels epf defhfé2ldi s 21 nPddlobeslo do so, they have .
efficient iron uptake systems, which allow them to utilize
both insoluble and soluble forms of iron. Magnetospirillum
magneticum AMB-1 1is an example of such magnetic bacteria
that has been isolated and cultured for magnetic particle
production {(Yang et al., Enzyme Microb. Technol. 22 (2001,

13-19). Since it can be expected that these magnetic

bacteria (naturally occuring or genetically modified), when
injected intravenously, poOsSsess the similar tumor
accumulation ability as that of Vibrio cholera, for example,

these bacteria can be used for accumulating iron-based

- contrast agents in the tumors, which in turn allows <tumor

detection by MRI. Similarly, other naturally isolated metal-
accumulating strains of bacteria can be used for tumor
targeting, absorption of ‘metals from contrast agents, and
eventually tumor imaging.

Alternatively, viruses such as Vaccinia virus, AAV, a
retrovirus etc. are also useful for the diagnostic and
therapeutic compositions of the present invention; see Table 2

listing examples of viruses useful in the present invention.



gram negati ve Aci dam no-Found in wound infections; Chatterjee and coccus

f er - Chakraborti

m chi -

WO

in plant tunmors (U lrich and Al oni
(2001, Proc Natl
descri bed "A obacterium attaches t

al .

ment ans1995, 1 ndi an Med Assoc 93: 333-5, 339,¢

ria, gram positive C avibacterPathogen of tomato m chi ganen5|
go Plant bacte- ria, gram negative Agr
2000) ; Aksac 1974,
US A 98:1871-Turk Hij
*&nd geneti-Biyol De 28 April 2006 WO

Acad Sci

tunme

Tecr ciensl87

Ehf‘ﬁt{)()éibam e-

faC| ens

rlum{urrefa Kuni k et

6)

McAlligier et al. 2000, J

03/ 014 /1 B02/ 04767 26 cally transfornms several types of human cells’
© it hage Y _" {LRopy es_agalnst._ A tunefaciens were
-found | ariod 'hQn(Akqap 1974 Tur Refawemey ski et Hij
Tear B| {RsFripate 3We h%fﬁ shpym tbgfrwl thymidins kg mutiatzaet | Yigea, 2002, #5955Nbl - Appl
Genet |3 361- 370} neps@r tporgpcumyloting by prayenqusly injec- | published data
' ted Vaccinia virus.
Epstein-Barr
ViFus
Human zur Hausen 2002, Nat
papillomavi- Rev Cancer 2:342-350
Fus
Retrovirus
Adenovirus Lindsey 2002, Lancet
Oncol 3:264
Adenoassoci-
| ated virus
SV40 virus
Cytomegalovi-
Tus
Newcastle safe, replicates in and kill tumor cells; local injection is Schirrmacher et al,
Disease Virus | more effective than systemic injection 2001, Int ¥ Oncol
18:945-952
Bovine en- Bovine enterovirus has been shown to exhibii wide tissue | Smyth et al. 2002, Int J
ferovirus tropism for cell types in vifro. It also shows oncolytic Mol Med 10:49-53
activity towards human cells.
Lymphocytic | high stability, low toxicity, and broad host range Beyer et al. 2002, J
choriomenin- Virol 76:1488-1495
Gitis virus
(LCMY)
Lentiviruses
Derivatives of | safe, live attenuated, has been shown to induce regression | Grote et al. 2001, Blood
the Edmon- of human lymphoma xenografts in immunodeficient mice | 97:3746-3754
ston-B strain
of measles
virus (MV-Ed)
Herpes sim- Lachmann and
Plex virus type Efstathiou 1999, Curr
I Opin Mol Ther 1:622-
632;
Wu et al. 2001, Cancer
Res 61:3009-3015
- | Attenuated powerful vaccine, safe Barrett 1997, Biologi-
yellow fever cals 25:17-25;
(YE} virus

Virol 74:9197-205

Note: The content of this table is by no-means to be exhaustive. Any other similar viral strains,
which are not listed in this table, are also considered to be included.




209: 399-405; U lrich and Aloni 2000, J Exp Bot 51:1951-1960; Azm et al.
2001, Planta 2001 May;213(1):2 9-36; Kunik et al. 2001, PrecsNatigopcad Sci
- USA 98:1871-1876 Erw ni a her-Non-capsul ated, non-spore form ng, sqhort rods

with a bi col asi ngl e nonotrichous polar fla d are

har m ess toa4FﬁE976, Can- humans; purified tyrosine gﬁgno pfﬁgse fromE.
her bi col acer Res significantly inhibited gromh of established B-16
mel a- 36: 167- 167 noma tunors; Azorhi 2®bi unSynbi otic, colonize plants, fix
ni trogen; caul i nodans Xant honmonasPat hogen of pepper and tomato canpestris
pv. vesixsfienabadyXahhd omones Rat Hegehnigf igas.and cabbage; E. coli |ac
pronoter wasSoby and Da- canpestris pv.shown to be functional in this plant
pat hogen; niel s 1996, canpestrisApp] Mcro- biol Biotech- nol 46:559- 561
Not e- The content of this table is by no-neans to be exhaustive. Any other
si m | arpQact-ehi & ai whi,g¢h NQ4; Al I Nyt hi .are al so
consi deEF ed E:gb%% i ng%%deg.éllli’ar tloi%cul%glrgl yq%'rag%qg%?g% i g£at ?g%ﬁ%eggl\éﬂ brio
chol er gomppgipjen oD Ehe present invention is a mammalian cell such as

stem cells which can be autologous or heterologous to the

organism. Examples of suitable cell types are shown in Table 3.

Table 3. Examples of mammalian cells useful in the present invention:

Mammalian cells Brief description Reference
Stem cells It has been shown that neural stem | Aboody et al. 2000, Proc
cells implanted intravencusly Natl Acad Sci US A
outside the central nervous system | 97:12846-12851;
target to an intracranial tumor.
Additionally, when implanied Herrlinger et al. 2000, Mol
intracranially at distant sites from | Ther 1:347-357
the tumor, such as inio the
contralateral hemisphere or into
the cerebral ventricles, the donor
neural stem cells migrate through
normal brain tissues to target the
human glioblastoma cells.
Different types of tumor cells For example, ovarian cancer cells
have been shown to infiltrate the
pleural space of patients to target
malignant pleural mesotheliomas
(Harrison et al, 2000, Ann Thorac
Surg 70:407-411). We have
shown that intravenously injected
fibrosarcoma cells accumulate in
breast tumors and subcutanecus
glioma tumors (Yu et al.
unpublished data).
Note: The content of this table is by no-means to be exhaustive, Any other similar types of
mammalian cells, which are not listed in this table, are also considered to be included.

In a further preferred embodiment of the diagnostic and/or
therapeutic composition of the present invention the luminescent
or fluorescent protein 1s a luciferase, green fluorescent

protéin _(GFP) or red fluorescent protein (RFP).




WO 03/ 014380 PCT/1B02/ 04767 27 A further exanple of a bacteriumuseful for

the preparation of a diagnostic conposition for tunnr-irnﬁgjghﬁgoo
nonitoring a therapeutic tunor treatnment is a magnetic bacte |un1?thaI-

Bi ndi ngwBashfikded- Medi ated Tunor Detection (MBBMID)). P@ﬁﬁi&zmhﬁ'f;t eria allow
tunor detection through the accumul ati on of iron-based contrast agents.

Magneti c bacteria can be isolated fromfresh and marine sedi nents. They
are capabl e of producing magnetic Particles (Fe304) (Bl akenore, Annu. Rev.

M crobigl._ 36 _(198 217-238). To do so, they have efficient iron uptake
syst ems]?1 whi @ﬁ%??@ﬁ%erﬁﬁeg%ﬁqii FBOOFHIGRE, nsEheubrECEsr 9aBl bl 6Tf or ms of

i ron. Mejdebodsphei diaghostragnehd cim pNBnd céist 33 1€ ¥8RPbSi t9fons ¥eh tRBINEt i C
bacteri es% %t ﬂ%§ een i spl.at.ed d cultured for magnetic particle

productT o1 { Yang" et ar?, rren olfORFRtMhol2  F§NF208R50ding3-29) . Since
it can shbséxpeet etbrt hahet hbsei fagset | CIn bagt erdvan( Nnabys al peREeHAT NG OF

geneti | . 1 figd), .when__injected intrayvenpusly, possess the simlar
t unor %%%géﬁu a’i&%E%BFf?Pﬁr%§nﬁﬁaproFB@#bP%otgﬁopg?%§g% Fe, these
bact er ithagaacéie igsdd conposidciomu et ithg igresehas everddnhr ashtagents in the
t unor s, whi in.turn.allows tuppr detection MR, Simlarl, ot her
naturaﬁ?¥P9§€Ia?é%F%%FﬁP- é@gﬁﬁggitiHngQraFHEE%F“%aCF%?iaﬁﬁgﬁy%% used for
tunor laiderasg, (abspr phiomafuorekalddyf remzc osddwnsiccadeMdor apse

as Vaccinia virus,

eventual |y _tunor. i maging. Alternatively, viruses_such

AAV, a%opéf?gvﬁu? e?qi:r.o%gr esyé’igcg’@%&gefelﬂﬂ%}a?%e(EIkaaiTghoE%’Wﬁo% of her apeuti ¢
conposiVacetaiafod fhepl 08EIHBE BYESEH@);, see Table 2 1isting exanpl es of
viruses useful in the present invention. 28 April 2006 WO 03/014380 28

Table 2. Examles of viruses useful in the present invention:
PCT/ | BB2/ el rédr aksest bai sl | gf cHleseanpEhenReler 89ces described

above 1is the preparation of a diagnostic composition for
tumor-imaging. The diagnostic composition of the present
invention can be used e.g. during surgery, to identify tumors
and metastasis. Furthermore, the diagnostic composition of the
present invention is useful for monitoring a therapeutic tumor
treatment. Suitable devices for analysing, €.9., the
localization or distribution of luminescent and/or fluorescent
proteins in an organism, organ or tissue are well known to the
person skilled in the art and, furthermore described in the
literature cited above as well as the examples, below.
Additionally, the microorganisms and cells can be modified in
‘such a way that they bind metals and consequently are useful

in MRI technology to make tumor localization more specific.

The present invention also relates to the use of an
antimicrobial, e.g. antibacterial or antiviral compound, e.g.,
peptide or protein fused to a detectable protein for the
preparation of a diagnostic composition for tumor-imaging or
monitoring a therapeutic tumor treatment. This diagnostic
composition is useful for tumor detection through the binding
of the antimicrobial compound, e.g., a light-emitting or
radiolabeled antimicrobial peptide/protein with bacteria
localized in tumors (Peptide-Linked-Tumor-Targeting-Vector-




Vacci nia virusWe have shown that viral thym dine kinase nmutation is notYu
et al. 2002, un- necessary for tunor accunul ati on by intray§E§H§bxm
i nj ec-published data ted Vaccinia virus. Epstein Barr virus nanzur Hausen

2002, I.L.] omavi - Rev Cancer 2:342-350 rus Retroy ovi rusLi ndsey
2002, ES&EQ@BE%CO| 3: 264 Adenoassoci- ated virus SVﬂé#%ﬂ?%@ I?torn::galovi-
rus Newcastl esafe, replicates in and kill tunor cells; local injection

i sSchi rnnacher et al. Di'sease Virus@bre effective than systemc

i njection2001, hit J Oncol 18:945-952 Bovine en-Bovine enterovirus has been
shown tBeesqhiont (REF8ER))ssueSnyth et al. 2002, Int J terovirustropismfor
cell types in vitro. It also shows oncolyticMl Med 10:49-53 activity
towards hunman cells. Lynphocytichigh stability, low toxicity, and broad
host rangeBeyer et al. 2002, J chorionenin-Virol 76:1488-1495 gills virus
(L1 J") Lentiviruses Derivatives ofsafe, |live attenuated, has been shown
t o i nduBlee r ggresssitonGnotetibon al al@901reBlimed tHoe HEdron-uwafe hwfan ahynphona

xenogr a0 punodef | oci - . 3746- 3754 .ston-B strain of neasles

e e e e R e s ERP P PR BT 1686 T aur 1 opi

Mol ThepeHtige2-063R2rotein fused to a therapeutic protein for the
preparation of a pharmaceutical composition for tumor therapy.

| Examples of naturally occurring antimicrobial proteins include
ubiquicidin (UBI, 6.7 kba) and lactoferrin (hLF, 77 kDa). UBI
was originally isolated from murine macrophages and later from
human airway epithelial cells. hLF is found in mucosa and
nentrophils, and is known to bind to surface structures of
both gram-negative and gram-positive bacteria. Small synthetic
peptides containing the bacteria binding domains of UBI or hLF
have been designed for imaging of bacterial infections, which
can be discriminated from sterile inflammations {Nibbering et
al., Nucl. Med. Commun. 19 (1998), 1117-1121; Welling et
al., Nucl. Med. Biol. 29 (2000), 413-422; Welling et al.,
Euvr. J. Nucl. Med. 27 (2002), 2929-301). These peptides are
radiolabeled with **Tc, which allows real-time visualization
in 1live animals using planar  scintigraphy. For example, a
.planar gamma camera (e.g. Toshiba GCA 7100/UI, Tokyo, Japan)
equipped with a low-energy general-purpose parallel-hole
collimator can be used to visualize the distribution of
*"To-labelled antimicrobial peptides in live animals or
humans. To apply these synthetic peptides for tumor
detection, first the tumorous individuals are infected with
a particular strain of extracellular bacteria. After
bacterial colonization o¢f the tumors, the radiolabelled
compounds, e.g., peptides are delivered intravenously.
Specific binding of the labeled peptides to the bacteria in
‘the tumors can be wvisualized in real time by scintigraphy,
which therefore allows the localization of tumors in humans




Wi et al. 2001, Cancer Res 61:3009-3015 Attenuat edpowerful vaccine,
safeBarrett 1997, Biologi- yellow fevercals 25:17-25; (YF) ZQ’QF)HPZ(MEA' lister
et at 2000, J Viral 74:9197-205 Note: The content of this elrs

no- meansgyg Bofsexhaustive. Any other simlar viral |ch are not
l[isted in tmﬁ)s tabl e, are also considered to be incl t}{ﬁgﬂ& 76‘9"” 2006 WO

03/014380 PCT/1B02/ 04767 29 Preferably, the virus is Vaccinia VI rus.
Preferably, the cell of the diagnosBic or therapeutic conposition of the
present invention is a manmalian cell such as stem cell S whi ch can be

aut ol 0gdB8 ofnHERES ol ofRusELEID  digantahrlBanprEd of St alihe cel |
types aé@m}?&% | e Iab esfnth-lé%%epéf)tgéégp&@é QisWié@t%léE?ldﬁhusef ul in

t he presen |nvent|on Mammal i an cel |l sBrief descripti onReference Stem
cel | sI { PREARIIET IHown OF hatSURGHPAL S8R BRABOG Ty a1 aI paghdolepr odogel | s

| mpl ant edsaAt 1 Amenausi AN IMR&C@Q §ﬁb EompbuRdd 5&&':? bde; aentdplyRgr vous
systenB7: 12846- 12851; target to a Fnt ragrani al ]Ig;m Addi tionally, when

i npl ant BAGEPRIG TGS rersugh l'=‘2S00(530f|Vb G3mt T @ f Rl al 1Y &t sioantosit es

f r onrheinda St 3513&8@1&&69@ hs@msct nbe ther contk-ahatabal, hemesphere or
into the cerebral ventricle t e dongr. neural stemcells mgrate t hr ough

normal HYEFHR %'sdpesg't'o T GAL 1Ch @ RIER S g IS8 1fdSCo e d@998 Y mifther ent

ty]pels Ofllﬁdmhi‘ﬂfceﬁ'ﬁﬂ I ﬁ?beexaﬁﬁl@or@é/@d’n’@np@:@%@@hsCekbﬁ?ﬂ@aV@s b%&{ée&ho}/\/ﬂ to
Infritr e the pleura spac ent to targef nmal i gnant eura
o &r®) B80b b

mesot het THHEES Fepaleknt XN DSRER) mhaF inescent proteins

{such as Renilla luciferase, firefly luciferase) for real-

time visuvalization in an individual.

In addition to UBI and hLF, there are many other examples of
antimicrobial ©peptides/proteins produced by Dbacteria,
plants, dinvertebrates, and vertebrates including humans
{Schroder, Cell. Mol, Life Sci. 56 (1999}, 32-46; Cole and
Ganz, Biotechnigues 29 (2000), 822-826, 828, 830-831) which

are useful for the purposes of the present invention, e.dq.

pediocin PA-1 from lactie acid bacteria, gramicidin S from
Bacillus brevis), protegrin-1 from porcine leukocytes, SMAP-29
from sheep myeloid cells, buforin I & buforin II from Asian

toad, beta-defensins, LL-37, a fragment of human cathelicidin
hCAP-18, arasin I fror& catfish, granulysin, PAMP from
Propionibaeterium jensenii etc. Based on these naturally
occurring antimicrobial proteins, small peptides can be
designed and synthesized to &retain the Dbacterla-binding
capability while eliminating the bacteria-killing effect by
the original proteins. These synthetic peptides could then be

used in bacterium-mediated tumor detection.

Simi]_-ar to detection of bacteria by antibacterial compounds
(e.qg. peptides/proteins), antiviral compounds (e.qg.
peptides/proteins) may be used for detecting viral particles

in the tumors. Lactoferricin is one of the examples of



Surg 70:407-411). We have shown that intravenously injected fibrosarcoma
cells accunulate in breast tunors and subcutaneous gliona éy%§ﬁ§2&%p et a
. unpubl i shed data). Note: The content of this table is by no-neans to be

exhaust Wfosof3yy ot her simlar types of manmmalian celg§ MRifh are not
listed in this table, are al so considered to be inclu gB I'n a further

preferred enbodi nent of the diagnostic and/or therapeutic conposition of
the present invention the lum nescet# or fluorescent protein is a

| uci ferase, green fluorescent protein (GFP) or red fluorescent protein
(RFP). ammpral PEOGLdaADrOs LN 4880t PETY | BO 20D 6 3Bedigna perEides| arly
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Aequor 3, 0k &P\ 1sequeRces under the control of a strong synthetic
early/late (PE/L) pronoter of Vaccinia or the 1uxCDABE cassette. A

preferred use of the mcroorgani sns and cells described above is the
preparation of a diagnostic conposition for tunor-inmaging. The diagnostic
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exanples
the engineered bacteria etc. in tumor, metal agents (which can

be used for detection by MRI, PET or SPECT) are injected
intravenously. Binding and absorption of the metal agents by

the bacteria etc, will allow indirect tumor detection.

The present invention also relates to a pharmaceutical
composition comprising a microorganism or cell containing DNA
sequence(s) encoding a cell receptor capable of binding a
ligand and furthermore a ligand which is coupled to a toxin (=
chimeric toxin). Suitable ‘toxins which can be coupled to the
ligand are well known té the person skilled in the art.
Several chimeric toxins have been described previousiy.
First, the Tfp-CRM 107 chimeric toxin was prepared by
conjugating transferrin to the mutated diphtheria toxin CRM
107 (Johnson et al., J. Neurosurg. 70 (1989), 240-248),
which targets the transferrin receptor. Second, the 425.3-PE
immunotoxin was prepared by conjugating anti-EGF receptor
antibody to the whole Pseudomonas exotoxin A (Myklebust et
al., Cancer Res. 53 (1993), 3784-3788). Third, the Tfin-PE
was prepared by conjugating transferrin to the Pseudomonas
-exotbxin. (Hall et al., J. Neurosurg. 76 (1992), 838-844;
Hall et al., Neurosurgery 34 (1994), 649-656). It could be

shown in animal models and human patients that these
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Addi tionally, the mcroorganisns and cells can be nodified in such a way
that they bind netals and consequently are useful in MR é§g§ﬂphﬁgy to
make tunor | ocalization nore specific. The present invention SO rel ates
to the Ysfspissgn antimcrobial, e.g. antibacterial Qp hy%ﬁal conpound,
e.g., peptide or protein fused to a detectable protein tor the
preparation of a diagnostic conposition for tunor-imaging or nonitoring a
t herapeutic tunor treatnent. This dPégnostic conposition is useful for
tunor detection through the binding ,of the antimcrobial conpound, e.g., a
1§ ght - P RSHS or T%AdS0l aBeVed aRBERTEVBOY al HEptTide/es ot @93 iRSth bacteria
| ocal i zegki 1 dBismbPe Ridde- Ldemkledﬂmémr:a}ﬁaéget lgNgoMBCEQRMAR ARG | 2006 WO
03/014380_PCT/ 1 B02/ 04767 31 Detection PLTTVD)S. The present” i nvention al so
rel at es?d tfErgseapiatn tumetsy cfBBfal o «l.g. rafPTbheaRy | Facsdndat i vir al
conpounghrifs Jean BRPIALS PHed! 04 CisBebygedal Oy a ckBeEaRC WG 0k elhn for the
preparation of a pharmaceutical conposition_tfor tunor therapy. Exanples of
nat ur al TSFRIQRS iRy Bift iSREER6s &F e sslildcrddewingi hpcha@pnofuBl, 6.7

kDa) anghdsct of @fddtbrd-tlalrgetinkDakhindBic Wasx@hkJi Bak! Y adntakamed from
muri ne macr.ophages and |ater from human airway epithelial cells. hLF is
found i%F ‘and neutrophils, and is known to bind to surface
structures of both gram negative and gram positive bacteria. Small
synthetj.c peptides contajhning the bacteria bjnding domains of UBl or hLF
have bediF dGGISERBG f ORVFREGTh TPObadortah | Ff ect i oPRETRARERILCEIn be
di scri r’ddi@io(&dtﬁbﬂntsm@fislielgi rﬁal)aﬁmﬂc@aar(gaiilimﬁrdm?cﬂl dcajntailhiuﬁ@. ?/Ed. )
Conmun. 1998 1117-11321: Wellipg et al., Nucl. Bi.ol. 29 (2000),
413- 423 ]’3% ﬁ%%}e&ceale?nfjog‘t%? L2 JCe N cFecqRier ﬁp(a%éﬁzf, 54561881%  These
pepti désigane nadi (babedied Migthd 99%Hich Wi claudllbawso reathddapeuttigual i zati on
in live_aninmals lsi.ng.pl anar_ scint.igra .. For_exanple,_a L angr gamma
caner a R€§ o Hﬁéﬁ&isgkﬁﬁﬁﬂﬁé%Lﬁﬂ< 2t dyany'® égﬁﬁpﬁgﬁ WEFﬁ°§SIOMFenergy
gener alfqurgeoeeatdngl thkraApéetic ligand fusion proteins by linking
therapeutic proteins to the ligand proteins are well known
to the person skilled in the art. Examples of suitable
therapeutic proteins are shown in Tables 4 and 5.




can be used to visualize the distribution of 99rTc-I|abelled
~antimcrobial peptides in live animals or humans. To apply, ABﬁpgmﬁynthetlc
pepti des for tunDr detection, first the tunorous individu %s are I nfected
Wi th awkar ar strain of extracellular bacteria.P@%hﬁﬁm¢ggcterlal
colonlzatlon o the tunors, the radiolabelled conpounds, e.g., peptides
are delivered intravenously. Specific binding of the |abel ed peptides to
the bacteria in the tunors can be $$sualized in real time by scintigraphy,

whi ch therefore allows the localization of tunors in humans 28 April 2006
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Frdcl et al. LT HRLFend)
Bas8%-19u-iHese natural

(fAA) neither enzyme nor prodrug
alone was cytotoxic at the
same concentration or times,
The HRP/IAA-induced cell kill
was effective in normoxic and
anoxic conditions.
Bacterial enzyme carboxy- | CPG2 can be expressed both| Spooner et al. 2000, Cancer Gene
peptidase G2 (CPG2) intracellularly or tethered to| Thet. 7:1348-1356
the outer surface  of
+ 4([2-chlorocthyl][2- mammalian cells, where it is| Webley et al. 2001, Br J Cancer
" | mesyloxyethyl]amino)ben- | able to activate mustard} 84:1671-1676
zoyl-L-glutamic acid prodrugs for use in suicide
(CMDA) gene therapy.
or + 4-[N N-bis(2-
iodoethyl} amino]
phenoxycarbony! L, —~glu-
tamic acid (ZD2767P)
Human cytochrome P450 | Acetaminophen is cytotoxic| Thatcher et al, 2000, Cancer Gene
CYP1A2 ' through the cytochrome P450-| Ther 7:521-525
‘ mediated generation of a
+ acetaminophen chemically reactive metabolite,
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E. coli nitroreductase
(NTR)

+ CB1954

CB1954 is weak
monofunctional alkylating
apent that is converted by NTR
into 2- and 4-hydroxylamino
derivatives. Cellular thioesters
such as acetyl coenzyme A
subsequently convert the latier
into a powerful bifunctional
alkylating agent that can kill

a

both proliferating and
nonproliferating cells,

PTX0147 is the plasmid
expressing NTR from the
human cytomegalovirus
(CMV) early pro-
moter/enhancer and  also

carrics the b-globin second
intron and poly (A) sequences
and a G418 selectable marker.

Djeha et al. 2000, Cancer Gene
Ther. 7:721-731;

Djeha et al. 2001, Mol Ther 3:233-
240

Westphal et al. 2000, Cancer Gene
Ther 7.97-106

Weedon et al. 2000, Int J Cancer
86:848-854

E. coli cytosine deaminase
{CD3}, E. coli uracil
phosphoribosyltransferase
(UPRT)

Despite CD expression, a
number of tumor cells were 5-
FC-resistant, which may be
attributable to the lack of an

Koyama et al. 2000, Cancer Gene
Ther, 7:1015-1022;

Theys et al. 2001, Cancer Gene Ther

active  cytosine  transport

3:294-297,




conjugating transferrin to the nutated di phtheria toxin CRM 107 (Johnson

whi ch targets ﬁ@ggﬁfmfgrri n

et al.,

receptor.
anti - E r
et al %’@%‘B’w
by conjugating transferrin to the Pseudonbnas
Neurosurg. 76 (1992),

J. Neurosurg. 70

Second, the 42

ncer Res. 53

83

240- 248) ,
i mmunot oxi n

(1989),
5. 3- PE

anti body to the whol e Pseudononas

was prepared by c

A bR

njugati ng
A (MKl ebust

(1993), 3784-3788). Third, t was prepared
exotoxin (Hall et al., J.
8-844; Hal B7et al., Neurosurgery 34 (1994),

649-656). It could be shown in aninal nodels and hunman patients that these
28 Apr i ||+ 2006cw6Gig 87-D0U 3 8BtRGH/MaBodk@4e/2n84 chi meric t oxins have
anti-tunor activities ag# nét depelationolf athe pKammestonds bt af. @000, Cansg cancer,
glioma |[xenografts and ijfdermatr ani &0FU unor dy| Génd Therd:6g9-636econbi nan{ Vacci ni a
virus dan be desi gned t ¢ddpdropytimgiiel y expregs transferrin receptprs on the
surfacq of tunor cells qldthyddogegast HBPD e inthe | Blodseall BOE [Waker Gaaé Tt | ng
chimerilc toxins for ant i genetransitnr gaiteg®nio. imI R438r@sent i nvention also
rel ateg to a phar maceut i paive tleosfpasiftthootDonpri sing (a) a microor gani sm or
cell cqntaining a DNA $EGugsnae itefighdti fgsible CBntires-AT &l 0000@ARRDERe Pf  bi ndi ng
a liggnd and (b) said | igandduceiicCéhzyrte gabpTiRe7.tm26 t herapeutic |protein.
Sui t ablfe t herapeutic pr ¢that oaveais 53l th itasctivet hods for generating
therapgutic |igand fusi Qforas.o0ae BS the addidateh MawaiRIeBN 1000, CaRb:etd NS tO the
| i gand |proteins are wel | iskBowali WRRT. herprr §Theskéd7laagt i n the art.| Exanpl es
of suitlabl e therapeuti ¢ppikilitd AFa@azsRew)| i n Tables 4 and 5. 28{ Apri |
2006 03/014380 PCT/ | BlaZhdct&iéticte bhabriaS 1| LilGdANDYE Eaf: CRAEZ MR/ P[ 0dr ug
pairs ifn which the deliyaraupicodvies 62y E soenasiig7facilitated b
i ntravenously injected [hedroRidBaNinfoiSphadpsaele! | s Therapeutic
protei nsDescri pti onRef ef GBS at the first step of 5-

FU activation and has the

potential to enhance the

activating pathway against

DPD.

Cytochrome P450 enzymes | Liver tissue has a high content | Huang et al. 2000, Cancer Gene

+ cyclophosphamide
(CPA)

of P450 enzymes active toward
CPA and is the major organ
responsible for CPA activation.
Activated CPA- generated in
the liver circulates through the
blood and gains entry to tumor
tissue to exert its therapeutic
effects.

Intratumoral CPA activation
can result in a high, localized
concentration of active drug
metabolite at its site of action,
which may maximize
therapeutic effects while at the
same time minimizing the host
toxicities associated with he-
patic drug activation.

Ther. 7:1034-1042;

Kan et al. 2001, Cancer Gene Ther
8:473-482

rabbit carboxylesterase

+ 7-ethyl-10-[4-(1-piperi-
dino)-1-piperi-

Exposure of neuroblastoma
cell lines or of mixtures of
these cell lines with CD34(+)
cells at a ratio of 10:90 to

Meck et al. 2001, Cancer Res

61:5083-5089




(enzynes), drugs, prodrugs Herpes sinplex virusMst well-knownMolten
Cancer Res. 1986; 46: 5276- thym di ne ki nase (HSV-enzyne/ proggggn- 2006

conbi nation. 5281 TK) + Ganciclovir (GCV) Herpes sinplex virus thy-A-5021
has hig tive anti-Hasegawa et al. 2000, Canc , di ne ki nase

( HSV- TK?J%OBQ?%s%FaCt ivity and was sel ecti-Ther 7:557- Eggﬁgﬁy%hosphoryl at ed
by viral TK + A-5021 (1'S,2'"R)-in herpes virus-infected cells. 9{[1',2 -The
anti-herpetic activity of A- bis(hyde®dxynmet hyl)cycl opr5021 was nost potent
in conpa- o -1'- 1 neth 1 aninerison with ACV and penciclovir. Horseradish
per oxi ddmejivemylagtamvat edreéplicapen-deficiad G eco ef al . 2000, Cancer Gene
( HRP) HRRythetiACRTRE ) shown | AGRSMWCE. for: 2414- 142D i nhibit col ony formation in
+l ndol ¢- 3-aceti c aci dnafrsabkdgaht epbduss ofwbllrieps, (I AA)neither enzynmg nor
‘prodrug al one was cyt ot pxiscmigioM PTdaner gohcentration or times. The

HRP/ | AA-i nduced cel | Ki | inciemed ek fi@adity\e€ GPT-nor noxi ¢ and anoxi ¢ copdi tions.
Bact erijal enzyne car boxyildd@@ecan be expresgsed bot hSpooner et al.] 2000,
Cancer |Gene peptidase 02 (CP&)intracellularly or tethered toThor
7:134841356 the outer surface of + 4-([2-ch]oroethyl][2-mammalian|cells,
where ijt isWbley et al] 2001, Br J Cancer jresyl oxyethyl]am no)bep-able to
activatle nustard84: 16711 Nereblastopk- ol ut e c aci dprodrugs for use|in

sui ci dé (CVDA) gene t her af8yNBdy NB-169LNand BKs|( 2- i odoet hyl ) ami no]
phenoxycar bonyl L - gl u- | Neffif)dromcipgrofiZ@RF6Z0P) Human cyt ochr one
P450Acé¢t am nophen is cy{d-foid afiharalvetedethein] . 2000, Cancer Cene
CYP1A2f hr ough t he cyt ocheclomgeniR4b®atidher 7: 52/1- 525

Mushroom tyrosinase A sterically undemanding | Jordan et al 2001, Biocorg Med Chem
prodrug bis-(2-chloro- | 9:1549-1558

+ bis<(2-chloroethyl)amino-| ethyl}amino-4-hy-
4-hydroxyphenylamino- droxyphenylaminomethanone
methanone 28 28 was synthesised and found
to be oxidised by mushroom
tyrosinase at a superior rate to
tyrosine methyl ester, the
carboxylic acid of which is the
patural substrate for tyro-
sinase.

E. coli p-galactosidase Prodrug cleaved by | Tietze et al. 2001, Chembiochem
galactosidase  shows  high| 2:758-765
+ 1-chloromethyl-5- cytotoxicity towards human
hydroxy-1,2-dihydro-3H- | bronchial carcinoma cells of
benz[elindole (CC-1065) | line A549.

or + 1-(1'-chloroethyl)~5~
hydroxy-1,2-dihydro-3H-
benz]e]indole

A mutant of carboxypepti- | Activation of all three of the | Friedlos et al. 2002, Cancer Res
dase G2 (CPG2, glutamate | prodrugs not only kills the cells | 62:1724-1729

carboxypeptidase expressing the mutant CPG2

on the surface but also the
+ 4-[bis(2- neighboring cells through by-
iodoethyl)amino]- stander effect.
phenyloxycarbonyl-L-glu-

tamic acid

or + 3-fluoro-4-[bis(2-
| chlorethyl)aminofbenzoyl-
L-glutamic acid




medi at ed generation of a +acetam nophenchem cally reactive netabolite,
N-ace | benz uinoneimne 28 April 2006 WO 03/ 014380 PCT/ | BO3¥ Q440600386
(NABQ ). Rabbit cytochrome P450CYP4B 1 is able to induceMbhr et al. 2000,
Cancer {8nifdg - 4Bl (CYP4Bl)tunor cell death at | owciisih®s7é7 1008- 1014,
nol ar concentrations in + 4-iponeanol (4-1Mglioblastoma cells after
treat-Heuser et al. 2000, Cancer Gene ment with the prodrug 4-1M Ther
7:806-12 Rat cytochronme P450 4B 1Th&?CYP2B 1 gene product Kanmert oens et al .
2000, Cam,c- \CYP2._,1) acti-vates—oxaphosphoripes toGene Ther 7:629-636 the
hydr oxy gég} IVI i e +oxaphospor| nes such asto the toxic preducts
phos- Pﬁ% Wﬂg @é nam de nustard and afrol ein, which al kyl ate DNA and
pro- teE g% . E. coil nitroredugtaseCB 1954 is a weakpP eha et
al. 20 TR nmonofunctional alkylatingTher., 7:721-7B 1; agent
that | Vet Fhesontent ﬁﬂ“wlﬁbmmsmhﬁ@wmé Anywtber sinjlanenzyres- der | vat i ves.

Cel | ul &rodrig prikss ehich asemat listed ip this toble, arscalsp\epnsidered thbedunliged.| y convert t he
latter into a powerful bifunctional alkylating agent that can kill D eha et
al . 2001, Mol Ther 3:233- both proliferating and240 nonproliferating cells.
PTX0147 is the plasm d expressing NITR fromthe human cytonegal ovirus (CW) -
early pro-Wstphal et al. 2000, Cancer Cene noter/enhancer and al soTher
7:97-106




carries the b-globin second intron and poly (A) sequences and a (418

sel ectabl e marker. Weedon et al. 2000, hit J Cancer 86: 848 8gfimog0i |

cyt osi ne deam naseDespl te CD expression, aKoyama et al. 2000, Cancer GCene
(CD), OE‘Q g aci | nunber of tumor cel I s were 5-Tho 1022;
phosphori osyﬁtransferaseFC—rem stant, which may be %B'Béll%attrl butable to
the lack of anTheys et al. 2001, Cancer Gene Ther active c osine
transport8: 294-297; 28 April 2006 WB003/014380 PCT/1B02/ 04767 37 +

5-fl uorocytosine (5-FC)systemin mammualian cells and to the degradation of
t he KammEablede Rertlet exanple Oy apSatitpeoteihothatran heliséd foyBWRE (Haoeriund- 629- 636;

di hydr opsdisted petotaie tibedpy)l VYT (visis-nfddiafa)l prdtein thaeB))ae ICMRT @ll-méddd@d, Cancer Gene
Ther gepreteinrtbanglyd e.gshCHPE dyammhdian-welAneidfeddidicin fretuye), ddamstafvh@et of t he CD/ 5-
FC syst|eTherageutivipgbitingeé possi DewBptidd r es- Aljj et al . RfiBdedsancer CGene to
transddce t haregzynme geneTher 7:20-26; thgt converts 5-FU to its active

forms. The can r r e col t
UPRT. I'(tryt?)sgiéTher 7.6 Lﬁ%ﬁiﬁﬁﬁn ggﬁﬁzn%ag M&isg etéi;ﬁnvgﬁ gvrll @91. BRI
G

charactieristic to bactenl Lz L ncer Gene Ther directly
convertls 5-FU to 5-4: %grii?%h 2 ug ;0 " rmnophosphate (FUMP) at the

first gtep of 5- FU ag¢fi B%%% has 't potential to enhance the
activat]i ng pat hway ag |ns tochrom? P450 enzyrresLl ver tisspe has a
hi gh cgntent Huang et al. 2000, Cancer Gene

Fas-ligand Sharma et al. 2000, Pharmacol Ther.
88:333-347
TRAIL Ligand for death receptors such | Golstein 1997, Curr. Biol. 7:R750-753.
as DcR2, DcR1, DRS, DR4.
TNF TNF is the ligand for TNFRI, | Baker and Reddy 1996, Oncogene 12:1-
which mediates cell-death| 9,
signaling.

Theys et al. 1999, Appl Environ
Microbiol 65:4295-4300;

Lammertyn et al. 1997, Appl Environ
Microbiol 63:1808-1813

Recombinant antibo-
-dies

Anti-GA733-2 Secreted or membrane-anchored | Paul et al. 2000, Cancer Gene Ther
form of monoclonal antibody| 7.615-623

(mAb) (CO17-1A) specific for
Ag (GA733-2) that is present
on the surface of most
gastrointestinal carcinomas.

Anticancer drugs adria~ | Some tumor cefls express Fas| Nakamura et al, 1997, Anticancer Res.
mycin (ADM), cytosine | antigen on their surface, and| 17:173-179,
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expression on the plasma
membrane of tumor cells,

By the combination of ADM or
Ara-C  with  IgM-anti-Fas
MoAb, the induction of
apoptosis in HL60 leukemic
cells was enhanced signifi-
cantly, Therefore, we may use
bacteria or viruses to deliver
the genme encoding anii-Fas
antibody. Expression of the
anti-Fas antibody on the
surface of tumor cells may
sensitizes these cells to chemo-
therapy agents, which therefore
may improve the efficiency of
chemotherapy.
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Mizutani et al. 1997, Cancer 79:1180-
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Jiang et al. 1999, Hepatology 29:101-
110,

Mizutani et al. 1998, J. Urol. 160:561-
570
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Microcin E492

A low-molecular mass channel-
forming bacteriocin (7,887 Da)
produced by  Klebsiella
preumoniae. It has been showm
that microcin E492 induces
apoptosis in certain human cell
lines. = Treatment with zVAD-
fimk, a general caspase in-
hibitor, completely blocked the
cytotoxic effect of this bacte-
riocin, which may provide a
safety mechanism when micro-
cin is wused in anti-ftumor
treatment. Microcin-E492-
insensitive mutants of E. coli
K12 have been isolated, which
may be used as a carrier fo

de Lorenzo 1984, Arch Microbiol
139:72-73;

Hetz et al. 2002, Proc Natl Acad Sci U
S A 99:2696-2701
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+bi s- (2- cbl oroet hyl ) am no- et hyl ) am no- 4- hy-
m no- dr oxyphenyl ami nonmet hanone net hapepgredfds; Was
found to be oxidised by nmushroom tyrosi nase at
the carboxylic acid of which is the natural
col t4% 3- gal act osi daseProdrug cl eaved

4- hydro

byTi et

WO3RINSS

synt hesi sed an
rate to tyrosine nethyl
substrate for tyro- sinase.
Chenbi ochem gal act osi dase shows high?: 758-7

et al 2001

ester,
E.

2001, Bioorg Med
28 April 2006

a superior

65 +

1- chl orfjonet hyl - 5- cyt of

hydr oxy

(CC- 1065) | i ne A549.

a i ndol
al . 20(
cel | s64

-1, 2-di hydro-3
o)
e A nutant of

2, Cancer Res
1724- 17290 car

doliveri migrogin WRugsley #iual
HLI9H6pnchi dfencaMiéroly

132:3253-3259¢ hl or oet hyl
car boxypepti - Acti vati

but al g
i odoet |
3-fl uon
WO 03/ (

divhthia oxin (PR) s
yl )am no] - st an
0-4-[bis(2- ch
14380 PCTI | BO2

i odoet hyl ) am no] benzo

NOXY\/N
imﬁéﬁgaﬂbringwwgﬁmﬁ
Hantibadigsebave s HyRdobey
tEast hyymoan 558 DB,
oasprs 9o e killing (Foig,
man 2001, Curr Pharm
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J Cancer 73:865-870; Arora et
al. 1999, Cancer Res 59:183-
188; Wild et al. 2000, Br J
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Pseudomonas exotoxin

Escherichia coli Shiga
toxins

Shiga toxins, Shiga-like toxin I
(SLT-]) and Shiga-like toxin II
(SLT-II) are cell-associated
cytotoxins, which have been
shown to be able to kill tumor
cells, The toxins kill target
cells by inducing apoptosis.

O'Brien et al. 1992, Curr Top Micro-
biol Immunol 180:65-94;

Nakao and Takeda 2000, J Nat Toxins
9:299-313

Escherichia coli Vero-

toxin 1 (VT1)

VT1 is an E. coli elaborated
subunit toxin active only
against (tumor) cell lines that
express the VT1 receptor,
globotriaosyl ceramide-Gb3. In
an example of VT1 action, it
has been shown that VT1 elimi-
nates human  astrocytoma
xenograft in nude mics,

Farkas-Himsley et al. 1995, Proc Natl
Acad Sci U S A 92:6996-7000;

Arab ef al. 1999, Oncol Res 11:33-39




L-glutam c acid Note: The content of this table is by no-nmeans to be
exhaustive. Any other simlar enzyme- prodrug pairs, mhich%gég- listed
in this table, are also considered to be included. 28 Apri 0

03/ 0143 02/ 04767 40 Table 5. Further exanple peutic
proteinggvﬁggbﬁgn be used for BMPT (bacterium nedia?gg&%#g?%?n t her apy),
VMPT (virus-nedi ated protein therapy) or CMPT (cell-nediated protein thera
e . nCMPT (mamal i an-cell-nedi ated #8tein therapy), against tunors:
Therapeutic protejns scriptionReferences drugs rsCD40LLigand of CD40,
sensi tilzi Ry dpsands |let al. 2000, Mole. Qell. Biol. tunor cells to

apopt ogi s20: 5503-5515 |i nduced by a variety of agents, including TNF-al pha,
anti-Fgs, and cytotoxijc drugs. Fas-ligandSharna at al. 2000, Phanpacol
Ther. 88:333-347 TRAIliLi gand for death redeptors suchGolstein 1997, Carr.
Bi ol . 7:Hypaferid53. as [DelygerfolRd .2 Plb dddRdd| HoMmERdet biS200h) Phiringie d fir

TNFR1, Baker and Reddy |i&fotic OE a@e nBowr? thit| seb2xdz1redi at es cel | - deat h9;
signal ijng. Theys at al|l hyptB0% AP PihikioVviumes] M crobi ol 65: 4295-4300;
Lammertiyn et al. 1997, sAwiH byERMv4tRE notoalliSalempPet all 8618, Ortdzne Recombi nant
antibo-| dies Anti- GA733dria-medised ed orapompdniang2a@nckhpor edPaul et at. | 2000,
Cancer |{Gene Ther formigihwmnocl onal antibqgdy7:615-623 (mAb) (COL741A)
specifijc for Ag (GA733-2) that is present |on the surface of npst

Note: The content of this table is by no-means to be exhaustive. Any other similar therapeutic
proteins, which are not listed in this table, are also considered to be included.

Since the tumor tissues can be labeled with ligand receptors
using intravenously injected engineered bacteria, wviruses or
cells, the binding of therapeutic-ligand fusion proteins to
‘the ligand receptors wili enable the targeting of the
therapeutic proteins to the tumor tissues. Intracellular
bacteria and viruses are particularly useful in labeling the
tumor cell surface with designated receptor proteins. However,
due to T"bystander effect" of therapeutic proteins on
neighboring cells, extracellular bacteria and mammalian cells

can also be used to deliver the therapeutic proteins.

In the case of Gene-Directed Enzyme Prodrug Therapy (GDEPT)
(see below), for example, extracellular bacteria may be used
to secrete the enzyme-ligand fusion protein. The tumor cell
surface may be 1labeled with receptor proteins by viruses.
After the intravenous delivery of prodrug, not only the cells
~expressing the receptors will be bathed with and killed by the
“active drug, the surrouhding tumor cells (which may not be
labeled with receptors) will also be killed.

Viruses (such as Vaccinia virus) may also be used to label the

tumor cell surface with receptor proteins. For example, the




gastrointestinal carcinomas. Anticancer drugs adria-Sone tunor cells
express FasNakanura et al. 1997, Anticancer Res. mcin (/ﬂ%gﬁ%gﬁﬁd@gantigen
on their surface, andl17:173-179; 28 April 2006 WO 03/014380 /1 B02/ 04767

41 ar abiRas) ra-C), apoptosis is induced in those gj '
doxorubiC|n@g§%f§ by IgManti-Fas MAb. M cheau et al?bi@%%&k@7 Nat| . Cancer

mtonycin C Inst. 89:783-789; fluorouracil, canpto- thecin,

ci s-di ammi ne- Chang et al. 1998, Osakd City Med. J. dichloroplatinum
(I'),Ainically relevant44:173-180, CDDP, etc.concentrations of anticancer
drugs ehWiticetF®a%cePt obM speghfierlly  inbDegtedcapiceinoavierBS1Y anti - Fas
anti bod ] I O pl a 189 nepkiane : r ceglks. Ji,ang et al.
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Therefore, we nay use bacteria or viruses to deliver the gene encodi ng

ant i - FaseearticBody. Whepriegsirosedt chelare i viks Mok Hawpeorraiié $orf ace of
- tumor ceblgeuiRy BONShbiesutikesSegarl| Bud Qi hREReihher BRYLRGe MaSe, Whi Ch
therefore may inprove the efficiéncy of )
the ligand is the transferrin protein, and the therapeutic
protein could be a Pseudomonas exotoxin (or any other
cytotoxic therapeutic proteins). Tumor cell internalization of
~ the transferrin/transferrin receptor pair allows the
internalization of the therapeutic protein, which in turn
delivers the cytotoxicity specifically to the tumor cells.
Transferrin/transferrin receptor pair is only one of many
examples of ligand-receptor palirs that can be used. 1In
addition, mutant ligands and mutant receptors with highly
specific affinity toward each other may be used to avoid the

binding to endogenous proteins.

Additional examples of suitable proteins are human endostatin
and the chimeri¢ PE37/TGF-alpha fusion protein. Endostatin is
a carboxyterminal peptide of collagen XVIII which has been
characterized (Ding et al., PNAS USA 95 (1998}, 10443). It has
been shown that endostatin inhibits endothelial cell
proliferation and migration, induces Gl arrest and apoptosis
of endothelial cells in vitro, and has antitumor effect in a
variety of tumor models., Intravenous or intramuscular
injection of viral DNA and cationic liposome-complexed plasmid
DNA encoding endostatin result in limited expression levels of
endostatin in tumors. However intratumoral injection of
purified endostatin shows remarkable inhibition of tumor
growth. Pseudomonas exotoxin is a bacterial toxin secreted by
Pseudomonas aeruginosa. PE elicits its cytotoxic effect by
inactivating elongation factor 2 (EF-2), which results in
blocking of protein synthesis in mammalian cells. Single chain
PE is functionally divided into three domains: domain Ia is




chenot herapy. Bacterial toxins Mcrocin E492A | ow nol ecul ar mass channel - de
Lorenzo 1984, Arch Mcrobiol form ng bacteriocin (7,887 [x@guﬁ%lﬁgmgS
produced by Kl ebsiella pneunpniae. It has been shownHetz et a 2002, Proc
Nat | AC@e ofeiassd that mcrocin E492 inducesS A 99: 26962l nsgpPPt 0Si s in
certain human cell lines. Treatment with zVAD- fink, a general caspase in-
hi bitor, conpletely bl ocked the cytotoxic effect of this bacte- riocin,

whi ch may provide a safety nmechani ¢m when micro- cin is used in ant i - t unor
treatment. M crocin-E492- insensitive nutants of E. coli K12 have been
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exotox1n that lacks the binding domain Ia. Other proteins such
as antibody fragments or protein ligands can be inserted in
place of the binding domain. This will render the PE40-ligand
fusion protein specific to its receptor. One of the highly
specific engineered chimeric toxins is the TGF alpha/PE40C
fusion protein, where the C-terminus of TGF alpha polypeptide
has been fused in frame with the N-terminus of the PE40
protein. TGF alpha is one of the ligands of epidermal growth
factor receptor (EGFR), which has been shown to De
preferehtially expressed on the surface of a variety of tumor
cells. TGF alpha-PE40 fusion protein has been shown to be
highly toxic to tumor cells with elevated EGFRs on the cell
surface and while it is less toxic to nearby cells displaying
fewer numbers of surface EGFR. The toxicity of TGF alpha-PE40
chimeric protein is dependent on a proteolytic processing step
to convert the chimeric protein into its active form, which is
carried out by the target. To overcome the requirement for
proteolysis, a new chimeric toxin protein that does not
require processing has Dbeen constructed by Theuver and
_coworkers (J. Biol. Chem. 267 (1992), 16872). The novel fusion
protein 1is termed PE37/TGF alpha, which exhibited higher
toxicity to tumor cells than the TGF alpha-PE40 fusion

protein.

In a particular preferred embodiment of the diagnostic and/or
pharmaceutical composition of the present invention the ligand
is not the naturally occurring ligand but any compound which
is capable of specifically binding to the receptor, e.g. an
antibody. The term “antibody”, preferably, relates to antibodies
' Which consist essentially of pooled monoclonal antibodies with
different epitopic specificities, as well as distinct monclenal

antibody preparations. Monoclonal antibodies are made from an
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used to target cell surface receptors (Oson et al. 1997, Int J Cancer
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target cells by inducing apoptosis. Escherichia coil Vero-VIl is an E. cols
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Any ot hefcisitRk! BE £RRARAEUSE Cintact antibody, clear more rapidly from

the circulation, and may have less non-specific tissue binding

‘than an intact antibody (Wahl et al., J. Nucl. Med. 24:316-325

{1983) . Thus, these fragments are preferred, as well as the
products of an FAB or other immuncglobulin expression library.

Moreover, antibodies of the present invention include chimeric,

single chain, and humanlzed: antibodies.

Antibody-ligands are, e.g., useful in anti-tumor therapy using

fusion proteins (i.e. immunotherapeutic proteins) between

antibodies and therapeutic proteins: Firstly, the genes
encoding cell surface receptors are delivered to tumors cells
in live organisms via '@ intravenously 1injected engineered

bacteria and viruses. Such receptors can be, e.g., transferrin

receptor, EGF receptor, somatostatin receptor, etc. Over-
expression of receptors: on the cell surface following
bacterial or viral infections will be used to mark the tumor
cells. Secondly, a fusion protein (an immunotherapeufic
protein) between an antibody, preferably an antibody fragment,
(specific to the overexpressed surface receptors) and a
therapeutic protein (e.g. any type of toxins, see Table 5) is
prepared. The intravenously injected fusion protein may bind
to the marked tumor cells and exhibit cytotoxicity toward

these cells in the tumor tissues.

The present invention also relates to a diagnostic and/or
pharmaceutical composition containing a microorganism or cell
as described above and furthermore (a) an antimicrobial

compound fused to a protein suitable for tumor therapy and/or
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proteins specifically in the tumors, which therefore may

elicit tumor specific cytotoxicity.

Furthermore, the protein suitable for tumor therapy and/or
elimination of metastatic tumors can be an enzyme converting
an inactive substance (prodrug) administered to the organism
inte an active substance, ‘i.e. toxin, which kills the tumor or
metastasis (Gene-Directed Enzyme Prodrug Therapy (GDEPT}). The
principle of GDEPT is that an enzyme/protein activates a
systemically delivered nontoxic prodrug into ‘active toxic
drug, which is cytotoxic to tumors. To be specific, GDEPT is a
two-step treatment. In the first step, the gene encoding a
foreign enzyme is administered and directed to the tumor,
where it may be expressed using specific transcriptional
elements., In the second step, prodrugs are administered and
activated by the foreign enzyme expressed at the tumor. If the
enzyme/proteins are present only in the tumors, the active
drugé will also be produced only in the tumors, and therefore
exhibit cytotoxicity only toward the tumor cells, while at the

same time, systemic toxicity is kept to a minimum. The gene




Transferrin/transferrin receptor pair is only one of many exanples of
| i gand-receptor pairs that can be used. In addition, nutayg aAblipgiods and
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glucuronyldoxorublcm into a more toxic form. Preferably, the
gene encoding such an enzyme is directed by a promoter which
is a constitutive or inducible promoter. Further examples of
enzyme/prodrug palrs which are useful in the pharmaceutical
composition of the present invention are listed 1in Table 4,

above.

Moreover, the delivery system of the present appiication even
allows the application of compounds which could so far not be
used for tumor therapy due to their high toxicity when
systemicly applied. Such compounds include proteins inhibiting
elongation factors, proteins binding to ribosomal subunits,
proteins modifying nucleotides, nucleases, proteases or
cytokines {e.g. IL-2, IL-12 etc.), since experimental data
suggest that the local release of cytokines might have a

positive effect on the immunosuppressive status of the tumor.

Furthermore, the microorganism or cell can 'contain a BAC
(RBacterial Artificial Chromosome) or MAC (Mammalian Artificial
Chromosome) encoding several or all proteins of a specific
pathway, e.g. antiangiogenesis, apoptosis, wound-healing or
anti-tumor growth. Additionally the cell can be a computer-
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preferred route of administration is intravenous injection. The
route of administration, of course, depends on the nature of the
tumor and the kind of microorganisms or cells contained in the
pharmaceutical composition., The dosage regimen will be
determined by the attending physician based on various clinical
factors. As is well known in the medical arts, dosages for any
one patient depends on many factors, including the patient’s_
size, body surface area, age, sex, the particular compound to be
administered, time and route of administration, the kind, size
and localization of the tumor, general health and other drugs

being adminstered concurrently.

Preferred tumors that can be treated with the microorganisms
" or cells of the present invention are bladder tumors, breast
tumors, prostate tumors, brain tumors, colon tumors, lung
tumors, ovarial carcinomas, and pancreatic carcinomas; liver

tumors, skin tumors.

Brief description of the drawings

Figure 1: External imaging of GFP expression in subcutaneous

C6 glioma tumors in nude mice
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intravenous viral injection. (Bars = 5 mm.)

Figure 2! Visuallzation of tumor angiogenesis

C6 glioma cells (5 x 10°) were implanted subcutaneously into
the right lateral thigh of nude mice. Ten days after tumor
cell implantation, the animals were infected intravenously
with 1 x 10® pfu of rVV-ruc-gfp. GFP expression was monitored 7
days post-viral injection. Vascularization at the surface of
the subcutaneous €6 glioma tumor is shown against the bright
green fluorescent background in the tumor following Vaccinia-
mediated gene expressions. Bright field (A), fluorescence (B),
and bright field, fluorescence overlay (C) images of

subcutaneous glicma tumor are illustrated. (Bars = 5 mm.)

Figure 3:; Expression of GFP in subcutaneous glioma tumor of

the same animal
Five days after the subcutaneous implantation of 5 x 10° C6
glioma cells into the right lateral thigh, 10° of rVV-ruc-gip

virus particles were injected intravenously. Five days after

viral injection, the animal was anesthetized and sacrificed
for analysis of GFP expression under fluorescence microscope.
The tumor was visualized externally (A-K), with the overlying




protei ns between antim crobial peptides/proteins and therapeutic proteins
(see Table 5, above) . After protein expression, the hybr'tgiABﬁpéﬁj@s are
purified and ready for intravenous injection. Secondly, e.
l'i ght-e bacteria, which can be recognized an t he
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therefore exhibit cytotoxicity.only toward the tumor cells, while at the
same ti e, systemc tOXI mtX |s( kept tofa mnl nmum The gene 28 riI 2006
4] Bihe ed
speci fligﬁ{olryctegglg h@xpgégglrn@ g@png i ntravenously i nj ect ed engl neer ed
bacteri@a Vi T USEs, i"an) cells according to the present
i nvent |Eﬂ®zeﬁheeetgems(3£anmb¢hﬂlnkibr0f hehe arithonle ttmer t hiegsuesomweret uti ve

promot e};ﬁ.sep% e@xogg&guséy I{L{%ﬁm ﬁgﬁge nﬁ'r'é:ﬂ blh%s been intravenously

injected with 1 x 10°® of rVV-ruc-gfp virus particles. (Bars =

50 um.)

Figure 5: Low light image of the anesthetized nude mouse to

indicate the location of?iRenilla luciferase-triggered light

emigsion in the presence of intravenously injected substrate

coelenterazine (5 ug ethanol solution)

Figure 6:; Monitoring tumor specific wviral infection based on

GFP_gene expression in a var:l.ety of tumor models

including subcutaneous PC-3 human prostate tumor (A-A’'’) and
MCF-7 human breast tumor (B-B’’) in nude mice, intracranial C6é
rat glioma tumor (C~C’’/, arrows indicate the location of the
tumor) in Lewis rats, and MB-49 mouse bladder tumor (D-D’’) in
C57 mice. BAnimals were monitored 7 days after intravenous
injections of 1 x 10°® of rVVv-ruc-gfp virus particles. Bright
field (top), fluorescence (middle), and b:ight field,
fluorescence overlay (bottom) images of the tumor are

illustrated. {Bars = 5 mm.)




‘pronoters additionally ensuring that the conversion of the prodrug into
the toxin only occurs in the target tissue, i.e. tunor. Sk'%ﬂ RY ters are
e.g. IPTG, antibiotic-, heat-, pH, |Ilight-, netall-, aer© |g-, ost
cell-, - Il cycle- or tissue specific-inducil] ers. For
exanpl ew(# glgggym can be gl ucuroni dase converting ?’ﬁ@’lp‘f’@g@ toxi c form of
t he chenot erapeuti c agent gl ucuronyl doxorubicin into a nore toxic form
Preferably, the gene encoding suchsan enzyme is directed by a pronoter
which 1is a constitutive or inducible pronoter. Further exanples of
enzyme/Rirpoheu g7 paMpalwdiioly avecosefadnadiatbé [@r@r negetdssdah  oonposi tion of
t he present ir%ventiond re listed in Table 4, above. Mreover, the delivery
syst eme%‘e—ﬁ&e—m&—éppl ication even allows the application of conpounds
whi ch ctuded msoudear canatyibe sedtf orudamowad hinpgytatleinioravemioushygh
toxicity, n_systemcly applied. .Such coopounds i nclude pr L.ns
i nhi bi t"ﬁi%q‘l%el’i) at P?nrwcf%l?sqf%prv&[r&sngaﬁgﬁaf i t]éoO %i t)%glseo%ﬁ:ﬁjngg units,
pr ot ei naumadi {AHATd ,NUBHEEGL, | des] Ouc! Fasend [het esdestesizegt dhimnes (e. g.
IL-2, 112, et ,Sinc ri,ment al .sugge he _geal rel ease
of cyt OtDI 31%5 'm'CEg)rﬁ' hafél%aeﬁ"gﬁgsi tive ef ?Jg%?al&%et%hee%ﬁttr%%%g% pg(rAeg‘si ve status
~of the dndr@-D’ Fiiy t hethorwesrlyliegnskimarganiesim(BrBtel and Briddntaenda BAC
(Bact er i,al tificial .0 _of, \V | i | fjchals r onDSONe)
encodi n"%h%sneeésgl J"'(8)’15(&:21a?rfcﬂﬁ}r (@E %lﬂgg%o a'\@é&e% :;r(s:qa %Ig?%\ﬁg/a%/ﬂ def.cgjﬁjlghgh
ant i angiiegehegilsprapoptaesi(s) wodnd: hedat | figldl, fanecrescange gventhy

Additiopglly. cel a e te ' 6 . 0 0 49
PCT/ | BOQ?(34 &si g(%lFelﬁ %‘ erS%ée%ﬁInEglr %@%ggrﬁ%érgutsa%%%dol\(??ngﬁ% héé@épr ot ei ns
in nulaniplad owsbi abdd onssualdizeddniGiGSt ¥ at i(BArXst He JviwrodAoAN! sh8 or cells
of the jprasent  iknyention e(@_r(:ef,qr.abl y conbined with suitable

phar maceuti ¢4l ~ carriers. anpl-es 'of suitable pharnmaceutical carriers are
wel |

Figure 8: Visualization oﬁf the clearance of light emitting

bacteria from nude mice based on the detection o¢f light

emission under the low light imager

‘Nude mice were intravenocusly injected with 107 cells of
attenuated §. typhimurium (A, B) and V. cholera {(C, D). Both
strains were transformed§ with pLITE201 carrying the lux
operon. Photon collection f‘?was done 20 min (A, C) and 2 days

(B, D) after bacterial injections.

Figure 9: Homing of gliomai?ﬁtumors by attenuated bacteria

Nude nice with a C6 glion{ﬁa tumor in the right hind leg were
intravenously injected with 107 attenuated S. typhimurium (A-D)
and with V. cholera (E-H) both transformed with pLITE201
plasmid DNA encoding the lux operon. Photon collection was
carried out for one minute under the low light imager. Mice
injected  with 5. typhimurium exhibited luminescence
immediately through the whole animal (A). In contrast,
luminescence in the mice injected with V. cholera was visible
in the liver area (E). Two days after bacterial injection,
both groups of mice demonstrated luminescence only in the
tumor region (B, F). The light emission in the tumors infected

with S. typhimuripm slowly diminished four (C) and six (D)




known in the art and include phosphate buffered saline solutions, water,
emul si ons, such as oil/water enuslions, various types of 2/861&% NHogoent s,

sterile solutions etc.. Such carriers can be fornmulated by ¢ nventl onal
met hods be admnistered to the subject at a 3 {7@7 dose.

_ : . /ﬁo
Adm ni stra |%n of the mcroorganisns or cells may bgée e}g ed by different

ways, e.g. by intravenous, intraperitoneal, subcutaneous, intranuscular,
topical or intradermal administrati&m. The preferred route of

adm nistration is intravenous injection. The route of admnistration, of
cour sedayapeatitenn Hdveardbir einfedtieon.t uffomoasd im&cmemid of.thi cVoor gani sns
or cell ont ai_ned i,n phar maceut i c Th S regi men
will beé‘ (C}Ef‘"@r ﬁlﬁl‘ﬁgadbfnfjﬁ@oﬁ? %napﬁﬁe%ﬁﬁe@s @i’% se i vg?ﬁguzggl i ni cal
fact or andAs sis WwaHl) kriaws | mftthe rrédgeatlcattssugi;me f mond&hipuedne pati ent
depends_on.many fag i n i ze, body surface area,
age, séxr ritlﬁgg%% tqé ?fﬁlgr bggﬁ%yuandl%[ ttﬁ%egﬁa%]?néﬁ%ﬁlgrged time and route of

adm nistration, the kind, size and |ocalization of t he tunmor, general

heal t h nd Qt her dr ir 493 .Rei ggb&dggrqﬁt %egrgé)épgugng%l y. Preferred tunors

that c or—cefts of the present

i nvent iNmdeameidel adddr boeasts, thnesst int dier scightosherash upat sWebe ai n

t unors,, _col on I S47 r¢i NOIRs. -sangd_panggeatic
carcin §?V?né#€w elé@gd E?ﬁ?tf?m%\sé%g ‘%&d‘gscrl pt onqgf ?hgfdr awi ngs

Fi gur e wlithExXtér gal coMgl(Engf £ GRS Boureds siidin |piI§‘EBOﬂ,|t phesusd DBAgliomm
ol 15 (55p508) P b7t AEPaRPed” BUBLIAIASEr o1 1R CTHAH: SAE Faforal
t hi gh. ofle dﬁm@@amxdeﬁameafm Tigtadr ioelger.i Mekabyamiontes hefhermal s were
P oxBPESEFbhL WASL THYRI of WBLARTRER ta 1 LOPRLTENCESET cPRF L bakbpe. Bri ght
field wfeoplivés UO(I@SCGG%QtQ%ﬂgMaE) hand bergbt fiwelehtifdnjor édgkhce

"emission was noted in the primary breast tumor in the right

breast area and a metastatic tumor (arrow) in the left breast

area, and in the incision wound (B). At five days, the light

emission was visible only in the tumor regions, and not at the

wound (C). FEight days after Dbacterial injection, the

luminescent activity wasE abolished from the smaller tumor

region but remained strong in the primary breast tumor (D).

Homing in of E. coli to breast tumors in nude mice was also

observed two days after intravenous bacterial injection (E:

side view, F: ventral view).

Figure 11: Homing in of bacteria to bladder tumors in C57 mice

C57 mice were intravenously injected with 10’ attenuated V.
cholera transforméd with pLITE201 encoding the Iux operon.
Nine days after bacterial delivery, luminescence was noted in
the bladder region of the whole animal (A). The animal was
‘sacrificed and an abdominal incision was made to expose the
bladder. The light emission was limited to the bladder region
(B). With the removal of the bladder (C) from the mouse, the
éntire gsource of light emission was removed {D) as
demonstrated by the overlay of the low light photon emission

- image over the photographic image of the excised bladder.




~overlay (botton) inmages of subcutaneous glioma tunor are shown. GFP signal
can be observed in tunors as snmall as 22 mB8 in size (B— A€¥§¥ gs old as
18 days (about 2500 nmB in size) (A-A' ). In older tunors, expressi on
was Seeﬂmﬁﬁmm% atch"-1i ke patterns (indicated by arrgg?nﬁﬁ 6) Mar ker gene
expre55|o I'hthe tunor of the same ani mal can be mohiLor&q continuously 4
(GCc'), 7 (DD"'"), and 14 (E-E ') days after intravenous viral injection.
(Bars = 5 mm) Figure 2: Visualizatson of tunor angi ogenesis C6 glioma
cells (5 x 105) were inplanted subcutaneously into the right lateral thigh
of nude mce. Ten days after tumor cell inplantation, the aninals were
|nfect%q.'ggr. en-. Xpression
was. NDR6 : . 3 e surface
of théewmbcnahmeous C6 gllona tunmor is shomn agalnst the bright green
fluore n b r f \ Ni.as ljat ede gene
expresé%%né :ﬁﬁﬁghﬁgg e|%F§§§§éh?H§%¥eg%§%%%E ﬁ%{ﬂ_ & bri qtgflg
fIuoreameaneabmérVaycbﬁiermagesnsﬂormgdbmutaneﬁd@E@Dﬂomacbdnmg Bhe

| d 3 f
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i'npl antlaminasoénde wak0no@@d dghi aba hehdisrégttcm tdiie thagh\thollat enahal hi gh, 108

Of 1 W Idhes BEP o3 ¥LLYS, DAL Gl:en vene L ealefl:l NELBKENOURLY nbhyps days after
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viral injection, € ani mal — was anest etlz acrifice or anal ysis
of GFPwexpressrxﬁnam&kandfthemeﬁm&nuezmmowedcobhotOﬂTmthﬂmMnomaﬂaW|sual|zed

peri | Bt ey B Pl aHa e R T ] PR g i
the abpeiatétdndey. (TEng luBdhnghtefide|why Aonfilrmededoemegi¢my,ofand bri ght
field, shbUBEERP LAV eRlBY( Ol LiIRGen A (BHDPUADOMNP wiBh! apPoliTor are

illustrate e stron exXpressi ons are seen as patche ocat ed
al ong tlneAbutémmHLﬁSfC@@@EOfﬂaﬁ heomnlﬁhﬁrlYonbﬁh@trllgm’he( doghirelabraiws in C-C "

). Sharpgdiif efgnce

Figure 13: Transformed human fibrosarcoma cells home in on

subcutaneous glioma tumors in nude mice

Nude mice with subcutaneous glioma tumors were injected
intravenously with 5 x lOSEuman fibrosarcoma cells, which were
permanently transformed with vetrovirus derived from pLEIN.

Seven days post-injection, the animals were anesthetized and
monitored under a fluorescent stereomicroscope. Fluorescent

cells were noted only in ‘the tumor region of the whole mice.
through the skin (Al-3}. Uion exposure of the tumor tissues by
reflection of the overlying skin (B1L -3), and in cross

sections of the tumors (C1 -3), fluorescent patches were

visible in distinct regions. Close examination of the organs

of the mice showed the presence of small clusters of
fluorescent cells in the lungs of the animals, demonstrating
the affinity of the fibrosarcoma cells for the lungs in
addition to the tumorous tissues (Di-3). (Bars = 5 mm {Al-C3),

= 1 mm (D1-D3}).

‘Figure 14: Homing of attenuated IListeria monocytogenes into

- subcutaneous prostate tumors




of GFP expression in tunor tissue and in the normal nuscle tissue (arrows
in DDD") is clearly visible. Asterisks mark the reflected, K {BsB" and
DD ). (Bars =5 mn) Figure 4: Bright field (A and quores ence (B)

i mges Woos}oi’ﬂﬂf cells expressing GFP Frozen secti ON$ ﬁ& ;hl ck) of the
glioma tunor tissues were prepared froma nude nouse E as been
intravenously injected with 1 x 108 of rVW-ruc-gfp virus particles. (Bars
= 50 pm) Figure 5: Low light imgB50of the anesthetized nude nouse to
indicate the location of Renilla luciferase-triggered light emssion in
the prdSulcenivfe i withverousiapeonsebusdns #ESt pavetateekemeer a2i #he(5 gg

et hanol ; elt; o) 1ELOWEE. Sintilch8E00. 1IBESPSit QoVilenuakgal i on based

on ne expres |on In a variety S I nc 1 ng subcut aneous

PC- 3 huI?ran perstitagenggor ttanafgreatl widh 7 paodnyior eadesnidor DEB-B') in
nude m r ra' I r Ol (& C I ctethe

| ocat i o%a%ofyl?h % % e\%%g IrfzhiﬁgPe ég(}P(Ir\?B %u%g%gﬁgggggkt gm)r (D-D")
in C57f3m00:@scé.nceral staeqa@ noittoscege/ daysntftervamt rwvesousftenj ections

of 1 x Ifaoc8c (}f a r| gﬂ% ?:I(B} GrE'ﬂ’S 9 éi Cvlraeos de%recgpﬁ %%\glﬂl f%h p)tumBL:uor escence

(mddle escence over I mages of the
t unor aregionl.| Bte atweehr (Bar sherwrs im . 28=tApef| vzembl%lGQhD14380

PCT/ | BOZ/ 4308 Len2 @P“Lﬁ% v1'¥98i&0£ﬁ&'9f1\(ﬁf£és@eﬁt”?9%r %egipya?@? ession in

a breast tunor nouse carryling breast tu was | nj ec

i ntraveiadsisy (Rprd 1 XM of rW-ruc-gfp virus particles. Both the
primary tunmor (A-A, B-B" , and CGC') and the netastasized tunor (D-Dr
'‘r EEE' , and F-F") were visualized externally (A-A" and D-D' ), with
over | yithe PkeaerbnpverntirnBis e¥plegined by thadexafd®sthey were split open
(GC" and F-F") in a set of bright

Example 1: Materials and Methods

() Bacterium strains. The bacterial strains used were
attenuated  Salmonella typhimurium (8L7207 hisG46,
DEL407 [aroA544::Tnl0] ‘) ' attenuated Vibrio cholerae
{(Bengal 2 Serotyp 0139, M0O10 DattRS1), and attenuated
Listeria monocytogenes (D2 mpl, actA, plcB).The bacterial
strains were kindly provided by Prof. W. G&bel
(University of Wﬁrzbu&:g, Germany) .

{B) Plasmid constructs. 7The plasmid pLITE201 containing the
luxCDABE cassette was obtained from Dr. Marines, Biotech
24,1998, 56-58). The plasmid pXylA-dual with the operon
sequence of gfp-cDNA, lux AB, lux CD, and lux E under the
control of the Xylose promoter was kindly provided by Dr.
Phil Hill (University of Nottingham, UK).

{C) Transformation of bacteria

The bacteria were transformed by electroporatiomn.

(D) Tumor Cell lines. The rat C6 nitrosourea-induced glioma
cell line (ATCC, Rockille, MID) was cultured in RPMI-1640




field, fluorescence (') and bright field, fluorescence overlay (") inages.
GFP expression in lung netastases in the sane ani mal Gfédﬁ alized
(GG 1). (Bars =5 m (A-A" to F-F"), and Bars = 1 nmm ( ? I'gure 8:

Vi sual i the clearance of light emtting bac nude m ce
based o?tﬁtdr‘;’maet ection of light emssion under the }Pgr/rv I?{R?: mager Nude

mce were intravenously injected with 107 cells of attenuated S.

typhi murium (A, B) and V. cholera (% D). Both strains were transforned
wi th pLI TE201 carrying the lux operon. Photon collection was done 20 mn
(A O mddul d@iedlgEB, Bleddbtechbadher ) aIHeirn'pient | MBS . ﬁmﬂremeﬁte&iom ng of

i b d

Phe 11 Ghiinid 1EhthersS i Db tiGo i de i latino. e BMBated s |

t yphi mHG3umr(3At®)e emctinomh Yell hbirey a(P(TE}CH) Rboki YreandfDor med whéh pLlI TE201
bl asri dBNAecABAL N LA brBRCERNy ; Phok O Lol Sotign was1gcapEbed out for

one mnute un yphi muri um
exhi bi tﬂ@dnltamlﬁféstlenwl’l m&d;dxmt(@qlltghpou@hdiﬁmqmoﬂelcam eirn@adh, . I n

cont r asfa, g e t iy e d t C er vi si bl e
.in the IA ver@r%a%ﬁ?g Wﬁlfh s%tlel{rg bg%?e%wal raV%tﬁ”ectlﬂ‘gén T ‘gg??t groups of
m ce d&ibHosRBERRER |@@ﬁ1r8es@é1}€§e @ﬁﬂn,asrmSt h¥A) tum;e pegt@mc( BinFF12The |i ght

em SsSi h | e | o ni shed four
(0 *an e L oL | B oo e MR L D TRS faBh  20PC,

bact er V&) ﬁHPEL%mWedrMﬁﬁhsl@%tf@ﬂ eandailt venlehblm/aﬁtsnwtemyeher mous| y
increagsed Mc@bt BHLSS!| ROu{0Y LBLinshd éefl (Hndaysrcdf,t Qlockh 868) on

suggestl ng continued replication of the bacteria in the tunor _tissues.
Fi gur e P07 nsmn%ertw&bftrﬁaafemedttﬁlm e sPlashist cagFyangi ®EOwLER br east

tunorsitn LBRAT I ghdtdrRast pafl Were DQH%V%EPUiIe)bn' nj gehgd phihdla 107
attenuated V. cholera (A:-D) or wth coil (E-F) transformed with
pLI TE2ORigesshiy Chgra Linda, CA) was cultured in DMEM/F1Z medium

supplemented with 5% FBS and 560 pg/ml of G418 (Life
Technologies, Grand Island, NY).

(E) Production and propagation of retrovirus to generate a
light-emitting stably transformed cell' line. PT67 packing
cells {(Clontech, Palo Altd, CA) were cultured in DMEM medium
supplemented with 10% (v/v) FBS. At 70% confluence, PT67 cells
were transformed with pLEIN (Clontech, Palo Alto, CA) using
calcium phosphate precipitation method (Profection Mammalian
Transfection Systems, Promega, Madison, WI) for 12 hours.
Fresh medium was replenished at this time. Retroviral
supernatant collected from PT67 «c¢ells 48 hours post

transformation was filtered through a 0.45 pm filter and was
added to target HT1080 cells along with polybrene to a final
concentration of 4 pg/ml. The medium was replaced after 24
hours and the cells were treated with G418 selection at 400'u
g/ml and stepwise increased to 1200 pg/ml.

(F) Propagation of recombinant Vaccinia virus. Vaccinia virus
Lister strain (LIVP) was used as a wild -type virus.
Recombinant Vaccinia virus rVV-ruc-gfp was constructed by
inserting, via homologous recombination, the ruc-gfp-cassette
 (Wang et al., Proc. Biolumin. Chemilumin. 9, 1996, 419-422)




encodi ng the | ux operon. Photon collection was carried out for one mnute
under the low light imager. Twenty mnutes after bacteri a# 8e|.1' Y,

| um nescent V. cholera were observed in the liver (A). FOSE P %@{6 hour s
after ipj echi an, light emssion was noted in the prirraha{ ﬁreast tunmor in
the rig 00814t area and a netastatic tunor (arrow)l’ciT PREY eft breast
area, and in the incision wwund (B). At five days, the |ight em ssion was
visible only in the tunor regions, ahd not at the wound (C). Eight days
after bacterial injection, the [|umnescent activity was_abolished fromthe
smal | edngtondihe ré&paERiButvirdea) FRPnstr diE | Wiide vas mapplbiiedt iRunor (D).
Hom ng iy OLe Fr s GO laddA th6RASE {10 Speiﬁi'&‘i%@ gL Ce MEFcilise;gbserved two
days after 1ntravenous bacterial injection (E: side view, F: ventral

vi ew) . ipifggeeon1:(MAdki mf i A-ofl baéuéeedl t dobl Qder cebhomPnodagsysni ce C57
m ce Lntrayen | ¥.Lhjected.wth 7, att ted. f
transrgo%awﬁﬁitéspgﬁéﬁ{iﬁé%c% H%Et(% h% u>1< épg‘{r]%ﬁ. ET‘:)q:ﬁl\ér?ea a%}%% er

bact er iesergellDverdy, ROnithéscénwe, wake neteernatanthd iddeéthr ¥grvm of the

whole PATREILY e IS ARLE, W gcr&éifeﬂmﬁaf%ggrﬁabquan%shgﬁi sion was

made toO expose t t “eém ssion imted to the bl adder
regi onongB) witht hertie Ereevaedbint heonrledge gre@Lhf medithewadusbent he

entire squrce of light.em ssion s.renoyed (D) denmonstr.ated by the
over | afcgrt | 16 IR BRET IPAmPLERont  hhge” Ber s HE T ROEaGPaphi ¢ | mage
of thepeyphgeeed! addecv-28 coplsl 2ORS YErD3i&143BRoREGH/ |B0210436d 54 Figure
12: Hom na.i n_of _bacgteria to brain gliocﬁm 5urg)rs %n Legis rats, Lews rats
vere i BEARVERbUsty BYRME &PSA% YaD8 EeY | d20f® attehudPERCH % hE  er a

t r ansf demredmivd thal IFEE2@1o6ncedimigiiant viiuxs oper oia infwentcthef calléours after

bacteri al . ipj ion, .fai l um ] d i he head [ f
'he whOREnaRr hett TSk RECVFE AT Ront RS tre | ow 11 ght | mager - The

-~ animals were sacrificed and their brain renoved. Photon collection was

(G) Generation of mice carrying tumor implants., Five- to
six-week-old male BALB/¢ athymic nu/nu mice (25-30 g in body
weight) and Lewis rats (250-300 g in body weight) were
purchased from Harlan (Frederick, MD). C57BL/6J Min/+ mice
- were obtained from Jackson Laboratories (Bar Harbor, ME), Min
(multiple intestinal neoplasia) 1s an autosomal dominant trait
involving a nonsense mutation in codon 850 of the murine Apc
gene, which renders these animals susceptible to spontaneous

intestinal adenoma formation.

To obtain tumors in nude mice, C6 glioma cells were grown,
harvested and the cell number was determined by the Trypan
Blue exclusion method. Disinfectant was applied to the skin

surface, then approximately 5 x 10° cells were suspended in 100

ul of phosphate Dbuffered saline (PBS) and injected
subcutaneously into the right lateral thigh of each mouse.
Tumor growth was monitored by recording the size of the tumor
with a digital caliper. Tumor volume (mm®’) was estimated by the
formula (L x H x W) /2, where L is the length, W is the width,
and H is the height of the tumor in mm.




carried out for one mnute! fromrats wwth (A) and without (B) brain
tunors. Strong | um nescence was confirned in regions of t{geAbI[ifaé'dbéof t he
rats with the brain tunor (marked with arrows in A). Lumhestéence was
conpl et glovpsAbsgnt i n the control brain tissues (B). JEhgehfshs: Transforned
human fibrosarcoma cells honme in on subcutaneous glionma tunors in nude

m ce Nude mce with subcutaneous glioma tunors were injected intravenously
with 5 x 105 human fibrosarconma cel$s, which were permanently transforned
with retrovirus derived frompLEIN. Seven days post-injection, the animals
wer e adedthetrdmhlandliomai ttomeds under agdiaretedcant $heeenivigcr06cope.

Fl uore e lyeip yot tumrr i on . t ole mce
thr oug%ﬁtgﬁeas%?!}li%Aﬁé?. %oﬁe%:p%%u?aet%f 61 ur?orﬁ%ieggﬁéé’ bggt%hef | ection
of ) t hfelw@\ter byiesgheki zed Bl th3)sodand blanﬁélﬁéngsit‘aﬂ.ﬁtdNéﬂ@u@&l@hSoHﬂﬁiﬁ)f s (d

-3), ugrescent_.patches were , visi [ i stincy regions oge

exani n&CrSH8F (ARG grag?r}% Oéfghsﬁmxié?jg?h Loy eﬁ@ékgggkl I

cl ust emeight) { | Bondgldént eekls inciduod upss ofit &e) anagvhade det@strati ng
the affinity of the fihrosarco cel.ls for.the |un i,n dditi to the
tunor oftip Vet dtiiacoel "BArE T B RetraRrs) Vas g i sBECEI T ur 6 1a:
Hom ng adf aattcemidbrd 2Limst erd atimonbefit ogedes, 5 nind pssberi@neonstips ost at e
tunors ri 6 3/ 380, .P B02/,04767 55 _Nude mice with

subout RESgHE: 1 IHER P s oAt KR o e T g Pegtadre

i nt ravehdaos| waisnj BCtiesl wwith 167 28-tozmgat eckedle nendcybogeads ity ansf or med
wWth p - asm C yi e gf c%; %Pifl e was
observ%ggﬁgégar&%acsf Ihg)&rgeg?éengiel%st gg%%f?ri g"‘r'al’(;s’scope.e nty- g&\ﬁléﬁﬁgur s after
bact er tarongl ethd dmrrGhRPlsi tmad derhdetfedt mu. ohfyer nirjeetionointe egi on. The

tunmor s _shown i set .of . visible, light ), .fluorescent (b), and visible
and fl Gg‘?e]%@rﬂ Cﬁ g'hf( ggerq(’-a)?e(lgf 1R r%gé)sg‘&( Batene, g:?}gmn)eedie was
- kept in place for 15 sec and then withdrawn. The skin incision

was closed with surgical clips. Mice bearing subcutaneous

prostate tumors were generated over a period of one month

'following subcutaneous implantation of 3 x 10° PC3 human

prostate cells.

MB-49 mouse bladder tumor cells were implanted in the C57

mouse bladder to produce animals with bladder tumors. To

generate animals with breast cancer (Tian and DelLeon,

submitted for publication), female nude mice were first
implanted with 0.72 mg/90 day-release 17R-estradiol pellets
(Innovative Research, Rockville, MD) iun the skin to facilitate
breast tumor development and metastasis. One day after
estrogen pellet implantation, 1 x 10° MCF-7 human breast
carcinoma cells transformed with pro~IGF-II (Dull et al.,
Nature 310 (1984), 777-781) were implanted in the mammary fat
pad. For orthotopic transplants, tumors developed from
implanted cells were resected and minced into 1-mm’ cubes for

tissue transplantation into the mammary fat pad.

(H) Assay of Remnilla luciferase in live animals. Mice were
anesthetized with Nembutal (60 mg/kg body weight) before every

" Renilla luciferase assay. Renilla luciferase activities were



The present invention is explained by the exanples. Exanple 1: Materials
and Methods (A) Bacterium strains. The bacterial strains Uféaﬂ VB £
~attenuated Sal nonella typhimurium (SL7207 hi sG46, DEL407[4ar oRB4Z2" - Tn 0]),
attenua_{,‘%ﬁl j 0 cholerae (Bengal 2 Serotyp 0139, QHUEB Sl), and
attenuate SMP‘fggsdt eri a nonocytogenes (D2 npl, actA, pl ?B')} engJ’ant erial
strains were kindly provided by Prof. W Gobel (University of Wirzburg,
Germany). (B) Plasmid constructs. HEwe plasm d pLI TE201 cont ai ning the
1uxCDABE cassette was obtained fromDr. Marines, Biotech 24,1998, 56-58).
The pl gsgteniRed Arftéal intiBvéfitiORARARL 1 §EBIENE &Gk udbPo 8DNA;1 14k AB, | ux
CD, and lux E under the control of the Xylose pronoter was kindly provided
by Dr. cophe¢ntadddineUniOver ot yl ofiiNotad refbampl URplutB)n)Trams ¥ et i on of
bacter & JHg; [ r fyor ) gC ti D) mor Cel |

| i nes. Theurat SPe;\iat@rso oﬁ?lge%i&?i(gucggﬂg él(%%aq grgf%%{r%ﬁe%?%i%c,l ocki |l | e,

M D) wastessiuk eBheFoIRHN, - 1840728) ApFhPl9006 VRO 08101 438@RCTYNEBD2/ 04767 56
medi umifeeld iR, aMedi-l 86R UsiGg tHRr RdADmaVA) ERERSRIPMSH 1Mih 10% (v/v)
FBS and 1 x penicillin/streptomycin. The human PC3 prostate carci noma cell
line (B¥eEY ReERYR | @ndMbpearddagns WeBe4gagousiedblusdaer Bagsr &% |s and rat
OL 0l s Cold SsdkirThRliahNegoL i dIMEN, Medh vl ( SBLLGE Onadfdigtech, Inc.,
Her ndon, VA) suppl enented wth L-g]utam ne and 10% (v/v) FBS. HT1080

fi br osBFRMIRFLIETICS PRPELR RBASSES INGRP WBSe sgRrElFReseth oIt® tHeni mal

essent yaby "BdiBe (GohdOror Medi ahesdn iﬂcordéﬁraﬁ/ggrec 491 ungtprented with

10% FBS and, 1 X fpem cillin/ streptonycin. The 7 human manmary
carci nbhe T8 Oofi AdIPRTRHLSREKvi I 1e, M), permanently transformed with a
plasmd carrying pro-1G~ |l cDNA (obtained fromDr. Daisy De Leon, Lomm

Linda University, Loma Linda, CA) was cultured in DMEM F12 medi um
suppl efEht BgtertirsoprFd umiaeseenes npndr fdyegepeenee. Immediately

before imaging, mice and rats were anesthetized with Nembutal®
(60 mg/kg body weight). The animals were placed inside the
dark box for photon counting and recording superimposed images
(ARGUS 100, Hamamatsu, Hamamatsu, Japan). Photon collection
was for one minute from ventral and dorsal wviews of the
animals. A light image was then recorded and the low light
-image was then superimposed over the light image to record the

location of luminescent activity.

Imaging of GFP expression in tumors of live animals was
performed using a Lelca MZ8 stereo fluorescence microscope
equipped with a mercury lamp power supply and a GFP filter
{excitation at 470 nm). Images were captured using a SONY
'DKC-5000 3CCD digital photo camera.

(J) Histology of tumor tissues. Under anesthesia, the animals

were euthanized with an overdose of Nembutal®. The tissues of
interest were removed, ewnbedded in Tissue-Tek OCT compound
(Miles Scientific, Naperville, IL) and immediately frozen in
liquid nitrogen without fixation, Frozen sections were cut at
-20°C using a Reichert-Jung Cryocut 1800 cryostat. GFP
fluorescence of the tissues was monitored under a Leica




Technol ogi es, Grand Island, NY). (E) Production and propagati on of
retrovirus to generate a' light-emtting stably transforma%\éel.fzd kne. PT67
packing cells (Contech, Palo Alto, CA) were cultured in ngl um

suppl engiat g th 10% (v/v) FBS. At 70% confl uence, wer e
transforne ﬂ%ﬁ(}h pLEIN (Cl ontech, Palo Alto, CA) usi E‘g%%:"g@ﬁ“ﬁm phosphat e

precipitation nethod (Profection Mamralian Transfection Systens, Pronega,
Madi son, W) for 12 hours. Fresh nsgi um was repl enished at this tine.
Retroviral supernatant collected fromPT67 cells 48 hours post

transf fiuatesmensas Midtevceget hrmlighha QmdGem fudreerreowkdaals usaidded to

t ar get 080 cel | ng wth polybrene to a final concentration of 4
g/ m. ?‘E%é?r%d)lpu%()\;\ggglfgbl aced after 24 hours and the cells were treated

with G418 selection at 400 g g¢/nm and stepw se increased to 1200 g/m . (F)
Propagal | il LesoRLAAN, YRRELALA &) WSraVBRELOI A ddign bESTEr Strain

(LI'VP) was "US W ype Virus. nant  Vaccinia Vvirus

rW-ruc- gf p wascadnistantic Vedctryyid wdeuti ngy-ma-dfpnbhbgoused econbi nat i on, the
ruc-gf p-cassette (Wang et al., Proc. Biolumn. Chemlumn. 9, 1996,
419-422) 28 April 2006 WO 03/014380 PCT/1B02/ 04767 57 into the Vaccinia

Virus geRapeMoritriingusf Wasrisdiilddibeddi Market hetel bepbyssiddi ihon of virus
particles at a multiplicity of infection (MJ) of 0. 1 pfu/cell to Cv-1
cell nonol ayers fol | owed HPHS@5acieRt #19€7C for 1 h with brief agitation
every 10 mn. At this tinme, the supernatant fluid with virus particles was

renoved, and the cell nonol ayers were washed once with serum free nedi um
Conpl eY&CEBR ITikEE Ui Had0t BEH) sageniathdhenfegdile WeFbfeiaafhat ed at 37C.

r'W-r ugrf Bu¥ibh 0RSprBs9RG0atedsd i LV dveehlS-gieh e il | fhefbddieugh a
sucrose gradient. R | aque assay was used 72 h after infection to
det er i herawpaouplgr iBE0 r Redmipirantwikly @9 Bymera nThey apbnald (weren th 50%
ﬂ%?; géggyé@%e\% _oa;agutémyi B ehaNelver( D tHBLRESE T PO 8t &R Galder NG tumor
the low-light imager to monitor luciferase catalyzed 1light
emission immediately after intravenous injection of
coelenterazine, and under a fluorescence mnicroscope to
visualize GFP expression. Neither apparent luminescence nor
green fluorescence was detected in the animals when Ilmaged
externally, except at certain locations that had small skin
lesions, Such luminescence and fluorescence signals
disappeared after a few days once the lesions had healed.
Animals were sacrificed one week and two weeks after viral
infection, and their organs were removed and examined for the
presence of luminescence ‘and GFP fluorescence signals. One
week after wiral injection, no luminescence or (green
fluorescence could be detected in brain, liver, lung, spleen,
kidney or testis. These results indicated that the rvw-ruc-gfp
virus did not show organ specificity after injection and that
the virus seemed to be cleared from the animal by the immune
system soon after systemic delivery via the bloodstream.

(B)Visualization of Vacecinia virus-mediated marker gene

expression in glioma tvmors of live nude mice




si x-week-ol d mal e BALB/c athym c nu/nu mce (25-30 g in body weight) and

Lews rats (250-300 g in body weight) were purchased fro rl.
(Frederick, MD). C57BL/6J Mn/+ mce were obtained fron1g%{$ggﬂﬂxm

Labora;gkhgﬁp&ﬁpr Har bor, ME), Mn (multiple intest%g@ﬁmﬂﬁgg;asia) is an
I onl

aut oso onmnant trait involving a nonsense nutati n-codon 850 of the
muri ne Apc gene, which renders these aninmals susceptible to spontaneous

i ntestinal adenona formation. To olgiain tunors in nude mce, C6 glioma
cells were grown, harvested and the cell nunber was determ ned by the
TrypanTh8l udistedbusion et hadjettsd nfreetadnt a wasirappl igd dudet heiski n

surfac then a oximately 5 x, 1Q5 cel,ls re suspended in 100 | of
S hosangEat T 1 oP BRI e AR ool G anEOIEy 1R t he i ght
| at er abxtini gdd ofthieRe mieusE th Tuiiors gappk bk Mg S1gNisnor @’ bim retox di ng t he
size of the, tumyr - with a digital .caljper. sTugor yolune_(mB s estinmated
oy hovet gy i Sie foteSenodiyinafR | PF QB et e WV R R e ang
His thertel giseveh tdwys ugdted nviipus 28nARekloRP0GHAD HJnxl14380ere
PCT/ 1B02/ 04767 ng%ﬁ%ﬁ cerebral. glio t uno wer e gener at ed %ﬁ%injecting

t

6 gl PORBRETETY s hE*REHP 6 M B i or" YN EE Mof P aR® were
anest hebi zedetvertineodi thepenpodrariaiet al of Nenbital (r)irSedicion sodnd i on, Abbot

et o BhL ok bl SebBlmutoiace lRh g S art Sl A raRit S burr
hol e was0free iin &hee skidpriatnglyoaptdenn f2uorescetdee Waef debactal 5 mm
o1 ngatty uhh ohise SRPET satiPR §o0tyllaBials) Sant e TR o
st er eovacal c inglegéionThethreediFe wWakudmeserened veasi cady inhemesly t he burr
ol s REat SR 8 BoPheal i heClAl, EBhEridol 68, Bl b Then
wi t hdr gesioheFigki AA-A¢T $i ofhesmspatiaiosd wifthnsgeghcatb the pand Mice bearing
subcut BRSONS +RLOST AlG JHIRGS Wahe J8a6EAt §daQUEEed PELLPH Ofione rmonth
infection of tumor cells that surround the leaky terminals of
capillary vessels. During real-time observation of the same
tumors, the GFP signal from the center of these patches
started to disappear, and new green fluorescent centers
appeared in the form of rings at the periphery of the fading
patches. The new sites of intense GFP fluorescence may have
resulted from progression of the viral infection to nearby
cells within the tumor during tumor growth and expansion.
After careful examination of the mice, with the exception of
the tumor region, no detectable green fluorescence was seen
elsewhere on the body surface or in the dissected organs. This
experiment clearly showed that a mature solid tumor could be
easily localized by the labeled Vaccinia wvirus, based on
light~emission, and it also demonstrated the affinity of wvirus

particles for the tumor tissue.

To determine whether tumor size and vascularization are
decisive factors for viral retention in tumors, nude mice were
- intravenously injected with 1 x 10® rVW-ruc-gfp Vaccinia virus
particles one day after subcutaneous C6 cell implantation.

Surprisingly, 4 days after viral injection GFP expression was




foll owi ng subcut aneous inplantation of 3 x 106 PC3 human prostate cells.
MB- 49 nmouse bl adder tunor cells were inplanted in the C57 a{gy5ﬁ @%ﬁdder to
produce aninmals with bl adder tunors. To generate aninals Rbe 80 ¢
cancer %ﬁ?ﬂ’ %n DeLeon, submitted for publication), fﬁprral e_nude mce were
first i P& with 0. 72 ng/ 90 day-rel ease 1713- esthdi @I’”"H@I l ets
(I'nnovative Research, Rockville, MD) in the skin to facilitate breast
tunmor devel opnent and netastasis. Qe day after estrogen pellet
inplantation, 1 x 106 MCF-7 human breast carcinonma cells transfornmed with
pro- | Grse]Eah ('LiEwad@jl;:—@gLId ,cshhdaiw_fg S (hJalQB%) wvoléhe 784) dacwlﬁ: i2f58knfﬂlm ed in the
mammary f at ad. For orthotopic tran nts, _tunprs devel op rom

i mpl ant(g&gcelf%'dﬁ/\er)e r%%aétﬂf‘@ggaﬂd 5 ni%?)&ierﬁsovi‘?ﬁ’n%lacuﬁbﬁusf ofg'um‘t“? ssue
transpltaryating ipy ovibealwdaraby faf |oad. ExPrAsSay oin Ramblhatédci ferase
in | iv% animals. Mce re agest het i zedtvviéh N%goutal £60 ng/. kg body

wei ght )"UB&ESr &MEFy t\%ﬁl 17 a9RYR i FBP aftaskeRP e 1 2t 1R FifSse
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after intravenous. injegtion_o m xture aof 5 0 coel enterazine (0.5
9/ | i PRPEIFRERER SofiBYs of) AHHPsIFLeaiion, oiidstace ECRITRERTEr (0. 5 M
NaCl ; hiekbEEdpe. and 0. 1 M potassi um phosphate, pH 7.4). Wole live
animals were then imaged in a dark box using the Hamamat su ARGUS100 | ow
light video canera, and the inmages were recorded using Image Pro Plus 3.1
sof t wvaiTke( Mididangy hdehetindsctiSin welf Sps i migy- N)-giPhe/acpiandoecbtws ed phot on
em ssiQn, i e S _superinposed, onto the scal e_inmage_of the animal in
order THEBr S RGELre Phe (bt LOSF FeGRLC S8i SR CFPZBeTEdt i on of

| um neacdnce:@ndhlblcion esoenoeodsmedi cdieley foef ave-imegsivg iwmoer and rats
were anest heti.zed .w th . Nenbutal ( 60, 19/ k dy [ . e ani mal s
wer e ppgis({igi&%i &&\ﬂohgd d‘gé[r) kttgoxfc%lolr&qphgﬁ%n eg'g:% ti %ﬁsga%%ﬁégggld?lﬂg
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COIIeCELen,' D-D'’ and E~E'’}. A continuously increasing level of

GFP fluorescence was observed in the same animal throughout 20

days following viral injection, which was the time scheduled
before sacrificing the animals. Such an increase in detectable
fluorescence was indicative of a very strong viral replication

in the ftumor tissue, the latter appearing to function as a

protective immunoprivileged environment for viral replication.
The wviral replication in the tumors was verified by
determining the viral titer and light emission of the isolated
viral particles in cell cultures. Interestingly, the location
of blood vessels and the neovascularization within the
-periphery of the enlarging tumor were readily visible and
‘confirmed by external wvisualization against a bright green
fluorescent background (Fig. 1A~A’'’, D-D'’,E-E’’ and Fig. 2).

To determine the location of wviral infection within the
tumors, the animals were sacrificed and the skin over the
tumor was carefully reflected to expose the tumor. In the
exposed tumor, GFP fluorescence was found to be concentrated
exclusively in the tumor tissue (Fig. 3B-B’’ and D-D'’). The
‘non-tumorous thigh muscles did not show any fluorescence of
viral infection, as indicated by arrows in Fig. 3D-D"". The
skin overlying the tumor was also non-fluorescent (indicated



was for one mnute fromventral and dorsal views of the animals. A light
i mge was then recorded and the low light imge was then Werﬁiﬁa sed over
the light image to record the 1location of |um nescent act P'flf. gi ng of

GFP eXpﬁi’ﬁEt%);Dglgsoi n tunors of live animals was perfor g&%z}ﬂ%g,]a Lei ca MZ8

stereo cence mcroscope equipped with a nerc power supply
and a GFP filter (excitation at 470 nnm). |nages were captured using a SONY
DKC- 5000 3CCD digital photo canmeras3(J) Hi stology of tunmor tissues. Under
anest hesia, the aninmals were euthanized with an overdose of Nenbutal (r).
The tibguestefisisntier &iy.Ww8BeBf enawvedD-Ertheddedssnsdcsbuss ek BET conpound
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sof t wvabenoExeaigdlse a2e Resiimeab lybtataeedby i ntravenous injection of.

reconbi nant Vaccinia virus rVV-ruc-gfp into mce (A) Mnitoring of
virus-nedi ated nmarker gene expression in inmunodeficient mce Vaccinia
virus e fungempfexpniae rihapatierrReat| rardlicinfaciden- oo fgbiag® expressi on
Casset_%&nﬁfé/vﬂa‘é%agf Bh Vé@sp i Wp‘%@ﬁ%?gn, i i avengis! Yk BiQeHudg @ ce with no
tumors. The aninal's were observed once every 3 days over a two-week tine
per i odsemgkened h§or ol augFCoPitigednaly sisni toder udifer 45B0ERREANFFed | i ght

em ssign fé‘%&gﬂe@t hhpRlrb €l vé NHAY GRS ot RaliRR OfisLire! sateraa ne, and
under -a ?I uor éscence m croscope to visualize G-P expression. Neither

appar efevVekfchddwdn Ethdrluogeeeanee usRe sRERRR M ekl dL#+E4e cBli9Fa%fe ani mal s

when i gpoed: 18X SERa | he CxGRE BFiFeripl NohoCas | eNSotditertad vyl | skin
| esions, Such | um nescence and fl uorescence signals ,
visible in normal tissues such as the heart, lung, liver,

spleen, and kidney.

In addition to GFP, the recombinant rvVV-ruc-gfp virus carried
a second marker gene, which encoded the Renilla luciferase in
the form of a fusion protein with GFP. Therefore we were able
to directly superimpose the site of GFP fluorescence with
light emission from Renilla luciferase 1in the tumors.
Tmmediately after coelenterazine (substrate for Renilla
luciferase) was delivered by intravenous injection, a very
strong luciferase activity was recorded only in the tumor
region under a low light video camera (Fig. 5). By lowering
the sensitivity of the low light video camera to avoid
saturation of light detection, we were able to identify the
Renilla luciferase gene expression in localized patches in the
periphery of the tumor. These patch-like patterns precisely
correlated with the GFP signals.

(C) Affinity of Vaceinia virus delivered to the bloodstream

for different tumors implanted into animals

To determihe whether the attraction of the Vaccinia virus was

limited to glioma tumors or whether this attraction could be




di sappeared after a few days once the | esions had healed. Animals were
sacrificed one week and two weeks after viral infection, %?g LP@#{ or gans
were renmoved and exam ned for the presence of |um nescenc R4 5

fluores ciskgnals. One week after viral injec;ioQCT (nkyﬂgnescence or
green l'uorescence could be detected in brain, liver,” Tung, Sspleen,

ki dney or testis. These results indicated that the rW-ruc-gfp virus did
not show organ specificity after irg4ection and that the virus seened to be
cleared fromthe animal by the inmune system soon after system c delivery
vi a thebbkposst reamtid®)r \Miwwals), zateoomaimavidccivacainia usrinedi aved mar ker
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fl uorescence was very i tensel% | ocalmZed in a patch-TiTké pattern

restri ¢tedticnl hizittansor (1 region (Wmp IAcRted Timdgsevpacubbs, (Bigen seen at
t he end,04,, Pl 0 el br hes., h i ndk € d l, Vi
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fIuoregggﬁge%g%tg%gi.appéggg |ne?%% %%§g$%ft§F§g at tE@Qpeﬁﬁ%ﬁgry of the
f adi ngobparcHdon PREledw sites of intense GFP fluorescence may have
resulted fromprogression of the viral infection to nearby

Female nude mice with established breast tumors were also used
for labeled Vaccinia injectlons. These breast tumors were
allowed to grow for 6 months after the animals received
implants of MCF-7 human breast carcinoma cells transformed
with pro-IGF-11 cDNA. At the time of Vaccinia virus injection,

the tumors had reached maximum growth and the tumor volume

{about 400-500 mm®) did not change significantly during the

experimental period. Similar to previous experiments, 6 days
after intravenous delivery of 1 x 10° rVV-ruc-gfp virus
particles, strong GFP expression was observed in the breast
tumor region (Fig. 6B-B’’, Fig. 7A~A’’ and B-B’’}) and nowhere
else in the body. |

Examination of cross sections of virus-infected breast tumors
revealed luminescent ,islands, throughout the tumors without
any indication of central or peripheral preference of
infection (Fig. 7C-C’'}. The MCF-7 tumor cells used in these
breast tumor models are known to metastasize and in addition
to the primary solid tumor, a smaller metastasized tumor found
on the left side of the body showed GFP fluorescence (Fig. 7
D~D'", E-E'', and F-F''). Excised lung tissues were also



cells within the tunor during tunor growth and expansion. After careful

exam nation of the mce, with the exception of the tum)rb%ge Q][Pr g
det ect abl e green fluorescence was seen el sewhere on the d‘g Py q‘o ce or

t he dis§gﬁ§5%3 grogans. This experiment clearly shomeg ;Eﬁﬁ ot ure SO|Id
tunor cou e easily localized by the | abel ed VaCC|n|a Virus, based on

| ight-em ssion, and it al so denponstrated the affinity of virus particles
for the tunor tissue. To detern ne ghether tunor size and vascul arization
are decisive factors for viral retention in tunors, nude nmce were
intravenam$hgdiﬁpecﬁede@tidnloﬁ ﬁéﬁbs&%&ma-g&navaeehﬂé@.vﬁm¢fs @@Iticles

one da er, _.subgu n I ant at i.on. ri days
after él?g# %njgcgl%ﬁ %%F§§% 8ﬂn3b§ BT ARrT I © go%@ V@P%%/%iﬁ%8
PCT/ | BP2604¥ 67 B s88n filuobedognad d(FEG.t UBBES’ X hathehadeaenot e of about 25
B B-B .) Lon_ bel e ccini.a virus t targeting
by vi sua?l z%t If%mlfla elg%rgggm o%dll‘%%&rrp?é% dem%ﬁ%?% §88ﬁblé1f?‘eq han 5 days
was nothéeaspbée51¢nI®ﬁethecéuc1ﬁénuae—§ﬁ?fEubénn peuéé$noinnhh®m$ gene
expr esgl-ahsf e d a0 o, APRIS t8£§e 4 4 i Ol ! whtn e Cts' B8y der a
fl uorescencé ~m Croscope. §&6°f rn ng t i nj“ection O =% uc- af p
Vacci ncaevéntgrazimeo mh@ bh@ogsteéanlmﬁraﬂamonséy resb¢teﬂhen GBRe expressi on
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al | one f om1t e entry and replicat i on roce TS Virus in
t he saiacahiiml virus epdritiaies( Fiege Bel@celvely Daﬁii'ulwﬂcht@dE to .amdl
contin f e SErv. in the sanme
ani mal E?ﬁ?%%a%mutqggﬁﬁgn&?goq &ﬁt%é@\?‘lg#gﬁ%i %j%g%%?oﬁ%&%%$c% V\I/ﬁlgdet he time
scheduiméde, befksly sscri fricgithy Qfmthﬁnlmmbsocdmmipmm$ddnetehseofnUﬂQtectabIe
fIuoreﬁﬁﬁgggm%g%ehggkgﬂﬁé Y€ of a very strong viral replication in the
tunmor tissue, the latter appearing to function as a protective
i mrunoprivil eged environnment for viral replication. The viral replication

in thepb UGDES YRR (Bdthe®dvB¥us particles could move out of tumors

and re-enter the circulation, we injected C6 glioma cells into

the thigh of mice to form a second tumor in animals already
carrying a breast tumor infected with labeled Vaceinia virus.
If the virus particles were released from the tumor to
re-enter the circulation in significant numbers, they would be
able to colonize the newly implanted glioma tumor. Monitoring
of these second tumors showed that no GFP signal was visible
in the new glioma tumor 7 and 14 days after implantation of
the glioma cells. To demonstrate that the newly inmplanted
glioma tumors could be targeted by labeled Vaccinia virus, a
second dose of rVV-ruc-gfp virus (1 x 10° pfu) was
intravenously injected. Five days later, tumor-specific GFP
expression was detected in the newly formed glioma tumor in
addition to GFP expression seen in the original breast tumor.
These findings suggested that the virus particles in infected
tumors were either not released back into the circulation at
all, or were not released in sufficient numbers to infect and

replicate in a second tumor.

Two additional tumor models, including Lewis rats with
intracranial C6 rat glioma tumors and C57 mice with MB-49




determining the viral titer and light em ssion of the isolated viral
particles in cell cultures. Interestingly, the location 0:{8 IB%O%essel S
and the neovascul arization within the periphery of the en ar8| hg tunor

were regdi L Ssible and confirnmed by external visualijzati agai nst a
g&fede’)rém\é# %c{r@&]o%and Fig. 2).

bri ght % uor escent background (Fig. 1A-A", D

To determine the location of viral infection within the tunors, the
animals were sacrificed and the skigg over the tunor was careful ly
reflected to expose the tunor. In the exposed tunor, GFP fluorescence was
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anal ysis of various tissSue seclions reveale ence was
presentobnul avgRu weler stepéotitisaMyhifpl Hecddimer thei Braths dut no
fl uorezceﬁc was visible jn normal tissues such as the heait, | ung, |iver,
spl een? Ghd* kIHRBPCHRELERF t 1M S FadEp, apfethe cHmNLFanErRVE J:I‘E"fifrp Vi rus
]E:arri e];do a]gsegonﬁoﬂarkerdggmﬁ, mt; c_ltphtgmof ded tﬂaesRemeIrE? ﬁﬂﬁéé%;case :n t he
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luci f eceserels f hen tdaprsix, lamedt atety wdiericnelvencesagi nejéstmstrate for
Reni II%ith rVV-ruc~gfp virus particles via the femoral wvein. Five
days after virus injection, all 4 animals were sacrificed, and
their brains were carefully excised for analysis by
fluorescence microscopy. GFP expression was detected in the
brains with implanted intracranial tumors (Fig. 6C-C’’) while
no GFP expression was seen in the control brains. In parallel
experiments, C57 mice, with or without bladder tumors, were
divided into two groups. One group was injected intravenously
with rVV-ruc-gfp Vaccinia virus (1 x 10° pfu) and the other
"with saline solution as control. Five days after virus
injection, the animals were sacrificed and examined under the
‘fluorescence microscope. GFP expression was observed in the
bladder tumor region in € 57 mice but not in control mnice

(Fig. 6D-D'').

Taken together, these experiments show that Vaccinia virus
particles were selectively accumulated and retained in a
variety of tumors, probably protected by the tumor
microenvironment, and that they were not able to survive in
the non-tumorous tissues of immunocompromised as well as
immunocompetent animals. The tumor-targeting process by

intravenously injected Vaccinia  virus carrying the




| uci ferase) was delivered by intravenous injection, a very strong

| uci ferase activity was recorded only in the tunor regi on%%JRdegz(ﬁ) | ow
light video canmera (Fig. 5). By lowering the sensitivity gw | i ght
video ¢ avoid saturation of |ight detection, able to

i denti fw[ﬁg”‘hg?em | l'a luciferase gene expression in ngmﬁ?(\f,@é§7 patches in
the periphery of the tunor. These patch-like patterns precisely
correlated with the GFP signals. (@7 Affinity of Vaccinia virus delivered

to the bloodstream for different tunors inplanted into animals To

det er I’Tilﬁlghmjhﬂj’lntgheilﬁﬂt retieon gdnd héendaodireitadvitthes almislitdyi mfed to

glio s qr ,whether this attracti,on could be 28 Apr

03/014§§8n3; CFFiBA3/ (AFET 6%’%85@&%0‘%??% HRF & br 874 E‘SBEBIQ%BH Vacci ni a
Vi rus wamors eqomiivieanhliyaisni roduced into mce that carried different types
of inplanted tunors. One of these tunor nodels was a nude nouse with

i npl ant ed subcut aneous PC-3 human prostate carcinoma. Although the PC3

i npl ants fromwhich tunors devel oped grew at a much slower rate t han t he

i npl ante bcut aneo glioma tunors, these tunor arre

yhan ¢ SAPBST St FRR s OE L Y PRSI E o SuRBR o TR (el i ters (1
X 108) were inj eqﬁ@&amhhayeglwsdnmdt&g.ceﬁ& Alntl) mbegi | ar to our findi ngs
with glioma tunors, GFP expression was initially detected 4 days after
virus injection, and the fluorescence |asted throughout the 3-week
observaia wmau@gatfmie 14fie’ Bhieritd Bassbabh i shadkdy easknbrgors were

al so use for | abel ed Vaccinia:injections. These breast tunors were

al l oned to grow forasimekt Bftert értyarengyisnandeett@® ved inplants of MCF-7
human breast carcinoma cells transformed wth pro-1G--11 cDNA. At the tine

of Vaccinia virus i nLectl on, the tunors had reached maxi num growth and the
turor ol weserpanouthaodabeo afpintuiayensusthafgacsteni LPBAREFSETuri ng t he

experi geptal; Pelh 0¢ne Sigli@l st 018 eXhOHS: BXPEAI MRS, tihe UBYSTRE201

plasmid in 50 pl were injé’cted into the left femoral wvein of

mice under anesthesia. Following closure of the incision with

sutures, the mice were monitored under the low light imager
(ARGUS 100 Camera System, Hamamatsu, Hamamatsu, Japan) in real
time and photons were collected for one minute. The imaging
was repeated in two-day "time intervals to determine the
presence of light emission from a given animal. It was found
that the distribution pattern of light emission following an

intravenous injection of bacteria into mice was characteristic
of the bacterial strains ufsed. Injection of the attenuated V.
chelera into the bloodstream resulted in light emission
localized in the 1liver immediately. Injection of &,
typhimurium, however, was widely disseminated throughout the
~body of the animal suggesting a difference in the interaction
with host cell system (Figure 8A-8D). Imaging the same animals
24 and 48 hours post-infection showed that all of the
detectable light emission from the earlier time diminished
rapidly and was eliminated completely from the injected
animal. These findings suggest that light emitting bacteria
injected into the bloodstream wvia the femoral vein are
cleared. This process was confirmed by photon emission
analysis of excised organs, which were found to lack light



after intravenous delivery of 1 x 108 rVW-ruc-gfp virus particles, strong
GFP expression was observed in the breast tunor region (Fi'sg Ger%@ Fig.
7A-A" and B-B") and nowhere else in the body. Exam nation o‘?‘p% g
section Lus-infected breast tunors revealed |yn "i sl ands, ,

t hr oughg"tfstfOXJggﬂt unors without any indication of cen#’ﬁﬂﬁ@ﬁ’ggzri pher al
preference of infection (Fig. 7GC'). The MCF-7 tunor cells used in these
breast tunor nodels are known to neigastasi ze and in addition to. the
primary solid tunor, a snaller netastasized tunor found on the left side
of t hechbdyihoveidniFaR? fdater asrenadtEingd 4in Didbnocbmpetent antkbd-F" ).

Exci sed_l.ung,tissues re al.so 28 April 2006 03/,014380..PCT/ 1B02/ 04767 65
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nm i n diaoeties effichensuid deethokyebhend ung were positive for GFP
fluorescence (Fig. 7GG'). The presence of a strong Renilla

| uci ferase-nedi ated |ight em ssion confirmed the expression of the

| uci f er ase- GiP) fBestimripr bbmenin rtd k@semabtwasts timmuogebmicenowhere el se in

t he -body when the substrate coelenterazine was injected intravenously into
the live animls. These experinents showed that intravenously delivered
Vacci nffa wietesmpaet i tf eshamdreisel poefarmngiattymia@tedzeo andorgwpl i cated in

pri mar ¥ 80GL LA AG] 700 LAARALUIPIAd NS (ThGRe lbkehifeasyp Tesul t of
the i MTUNOCOHProm sed State of “Lhe ~ tunbr mcroenvironment . To deter mine
whet hethei rightpdrimidcleg weut dinjmededutinbfavemmrsly arid tbeefewroralhe

circulatjon, , i.nject ed glioma cells+,into the thigh of mce to forma
secondv?%ﬁ%owlpﬁ &?f?n&l's @%’é&‘HﬁluﬁaPFyi g g}'br%%l Sl an5§(;t with
| abel egoMatci i Waktterial f silperisivs . pardidweingreriericek eased fireom t he
tumor to ,re-enter the circulation in sjignificant nunbers, the ul d be
bl et oebT i petnds s, Phate dry Hane b ERers "RERE | BrPHESTeS i heso
secondférineis Saopyednddat tho XFHP Kightalims@eryi gitbleachi pbtbevaeiwrgl i ona
tunor gin"i‘é‘ dp&fntqa%%o%fotn%r w'eggl ggiféét%@i %for exactly one minute. In

mice injected with 8. typhimurium, Jluminescent bacteria were

disseminated throughout the whole body of the animal similar

to the findings in the non-tumorous mice (Figure 9A). Nude
mice injected with V. cholera, demonstrated luminescent
activity only in the liver ‘region during the early observation
period (Figure 9E). Regardless of the bacterial strain

injected, two days after injection, luminescent activity was
observed only in the tumor region (Figures 9B and 9F).
Monitoring of the mice under the low light imager on days four
and six post-injection showed decreased amounts of detectable
Jluminescence in the tumors of animals injected with &S.
typhimurium (Figures 9C and 9D, This finding was in marked
contrast with the findings in the tumors of mice injected with
V. cholera, which demonstrated not only survival but also
propagation of the bacteria in the tumor mass with a dramatic

increase in light emission (Figures 9G and 9H).

Nude mice bearing subcutaneous human PC3 human prostate tumors
in the right hind leg were intravenously injected with 10’
attenuated L. monocytogenes transformed with pso_d—gfp plasmid

DNA carrying the gfp c¢DNA. GFP fluorescence was observed under



the glioma cells. To denonstrate that the newy inplanted glioma tunors
could be targeted by | abel ed Vaccinia virus, a second dosiqgg.i%%gruc-gfp
virus (1 x 108 pfu) was intravenously injected. Five days e’
turmr-s%chis@igoGZP expressi on was detected in the ”?M@o&ﬁiﬁ?d glioma
tunor inC Addrtion to GFP expression seen in the origrnal "breast tunor.
These findings suggested that the virus particles in infected tunors were
either not released back into the @oarculation at all, or were not rel eased
in sufficient nunbers to infect and replicate in a second tunor. Two

addi ti enafltemescemee| sterachimiorgcpew sTrahsyvddven | hbunasr antfiadr C6 r at

glioma S -.and . .m.ce. it -49 28 rid 20 WD 03/014380
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T- 1 ynphocy unction or whether it is a general protective property of
tunors that nmay be denonstrated also in imunoconpetent animals, Lew s

rats wtheai BS< AN <:QlJ 0 u s_.an . ' MB- 49 nouse
bl adder Bﬁ?mnléé N r}{ta#é'ogltsgé e'.'fnl\%edrmegggédgg Et‘% gﬂfcgi légln%eti%% glioma
cells in a 100 gl wvelcessawmpriforstenteriasl i tafdotionpl anted in the brains of
-2 of 4 inmmunoconpetent Lewis rats, and the tunors were allowed to grow for
5 days. The other 2 rats were injected intracranially with

phosph&te- pufpesedofathhe erpeeimentaswasoht r dbsermOmedawhediber allle 4 rats
were | DifavBROUSlY LSO fifls WhN MAGIHERO VILdIS Rallie] €8 W the
fermoral vein. Five ays after virus’injection, all anital’'s were

sacri f tebehizagd byt heatepiai nfunere waref ihdycakcirsethd orightallygids by
fluore n 1 : | ) detegted.in t rains with
i npl an?%g (lgirit%&cér gﬁ%oﬁyu%ggﬁ?%ﬁg&ﬂGg}@%&ﬁﬁ g(f ﬁgl@% %E(iplré;s% on was
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w t hout, bl.addery té".“o?:gph%ﬁunpiéﬂcgeg.i Wrda5%9 WiUPScne NS BFOHA Vas
i njected i ntravenous
plasmid were injected intravenously through the femoral wvein.

Presence of luminescent bacteria in the tumor was determined
by photon collection for exactly one minute under the low
light imager two and four days post~infection. The tumor
- volume was also determined by measuring the dimensions with a
digital caliper. The earliest time-point when luminescent
activity was noted in the tumors was on day eight after tumor
induction.  Corresponding tumor volumes were approximately 200

mm®,

(D) Bacteria home in to breast tumors of nude mice

‘In order to determine whether bacterial colonization of tumors
is limited to glioma cells or whether this 1is a general
phenomenon observed with all tumors, female nude mice bearing

tumors in the right breast pad were intravenously injected

with 10" V. cholera in a 50 pl volume of bacterial suspension.
Thé animals were monitored within the first 10 minutes after
inoculation under the low light imager for one minute and
demonstrated the typical luminescent pattern in the liver
region (Figure 11A). Two days later, while the 1liver had



wWith rW-ruc-gfp Vaccinia virus (1 x 108 pfu) and the other wth saline
solution as control. Five days after virus injection, trua§¥%£f%@ wer e
sacrificed and exam ned under the fluorescence m croscope. Sression
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To determine whether the bacteriaz from the tumor enter the

. blood circulation in significant quantities to colonize other

sites, a second tumor {C6é glioma) was induced in these animals

in the right hind leg. The tumor was allowed to grow for 10
days. No luminescent activity was observed in the glioma tumor

demonstrating the absence of a significant bacteria that would
cause colonization of this tumor. However, when the animal was
rechallenged with 10’ attenuated V. cholera intravenously, the

leg tumor showed strong luminescent activity.

‘The findings of these experiments demonstrate that Ilarger
tumors retain bacteria  more effectively over time.
Furthermore, the bacteria within the tumors do not escape into
the blood in sufficient quantities to infect susceptible sites
such as other tumors.

(E) Bacteria home in to bladder tumors in immunocompetent mice
C57 mice were intravenously injected with 10’ attenuated V.

cholera transformed with pLITE201 encoding the lux operon. On

day nine after bacterial delivery, luminescent activity was



cholera into the bl oodstreamresulted in light emssion |localized in the

liver imrediately. Injection of S. typhinmurium however, 1 y
di ssem nat ed t hroughout the body of the ani mal suggesti ngﬁgﬁ‘am?@ﬁence in

the int i wi th host cell system (Figure 8A-8D). i t he sane

ani mal swo?ﬁ}oéﬁg) 48 hours post-infection showed that 5Fir}l%r$%fﬁg det ect abl e
light emssion fromthe earlier tinme dimnished rapidly and was elim nated
conpletely fromthe injected aninmeali. These findings suggest that |ight

emtting bacteria injected into the bloodstreamvia the fenoral vein are
cl ear edtecdhdsd phocehotons codtbctinad Byr pbatomismtesiwmierandle/siee of exci sed

organs,.which were fou to Jack |ight 28 April .200 03/ 014380

PCT 1 BY3F B 7eP T o L Srag i R TRET dRoi5hg: RAGOPRT | ARARGEompet ent

m ce aifidthat shelggasinalg (Hatirehé2hRpnoViad aiidzct evdre fsaomifbeed bl ood is
effici in b yStme (B)..B rj o] [ | J i n nude

m ce Tgﬂgetaglr m?é}%orfﬁ%n lac %?Jiﬁof)lr Z\'?F}esse{ﬁ%igl IrEg’ co %O%egekﬁgangégggééti ssues,
nude nilgpingsdentemrcddyibydwasimrsitiaboyt co&ODimes) tion bet Rémitehttdi nd | eg
were iRpjpec p Ot r S Vi e f | _eval it 0! hi muri um
or 10 [E%}S %ﬁ%?%%rlta @é@g?goh%’a) Vo I%Jdr%le rc‘??L ggé%t %?i%é]s%msage&r%i gﬁén F%%povw ng

i nj ect Bdae, t haniteadanitoracidyidy wesenoutlongdrandsihée anbywwiaraneie nonit or ed

for S Xndayan e Beubout ! olife | MB08Eoa N h EREIL AP RokRIhOMy LigTe POI Nt
photons were collecte or exactly one mnute. In mce inected with S
t yphi ndenonstiate degbénerdgeieri brivme 1diCdseBpnadednt kheughswtts he whol e

body of¢t heygni Mk SLM K&, 1 OphBE£1Ndi G5 | NeLAg. NONLARRLOUS; 1 Ce
(Figure 9A). Nude x%] ce ﬁﬁ'ect gé Wlet]‘h V. c?{ol era, denonstrated | um nescent
act i vi fymappgonneteRs | BSer Webhi ofs duRidR) thHcear IRarsbssno®e onthgeri od

(Fi gur 8,91 SReqar dhgsstofgdthembagteri@o,sd,rain injected, tw days after
injection, lum nescent activity was observed only in the tunor region

(Figures 9B and 9F). Monitoring of the mce under the Iow |light inager on
days fourg) Bacteria home in to glioma tumors in the brain of rats

Lewis rats with glioma tumors in the brain were intravenously
injected with 10° attenuated V. cholera with the pLITE201
plasmid through the left femoral vein to determine if bacteria
can cross the blood-brain barrier and target tumors in
immunocompetent animals. The whole animals were monitored for
" one minute under the low light imager the following day and
low levels of Iluminescent activity was observed through the
skull. The rats were sacrificed and the brain tissue was
removed in one piece in order to further evaluate the exact
location of the luminescent bacteria. Visualization of the
excised brain under the imager demonstrated strong luminescent
activity in specific regions of the brain (Figure 13A).
Similar imaging of control rats without brains tumors, which
were intravenously injected with the labeled bacteria,
demonstrated abéence of any luminescent activity (Figure 13B).

(G) Transformed human fibrosarcoma cells home in to

subcutaneous glioma tumors in nude mice




and six post-injection showed decreased anounts of detectable |um nescence
in the tunors of animals injected with S. typhi erium(Fl res 2@6and 9D.
This finding was in marked contrast with the findings in rs of
mece in th V. cholera, which denonstrated n nl rvival but

al so Jﬁ%g%gﬁswon of the bacteria in the tunor mass %lcfrﬁﬂi%éﬂ%zrmti o
increase in light em ssion (Figures 9G and 9H). Nude m ce bearing
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tunor volumes were approximately 2 (D) Bacteria hone in to breast
t unor saBitdyiRre ¢gamoastrating the aff:i,nlty of the fibrosarcoma cells

for the lungs in addition to the tumcorous tissue.

Example 4: Construction of bacterial plasmid vectors that
carry the light-emitting protein encoding expression cassettes
and the therapeutic gene expression constructs in cis

configuration
(&) Ratiocnale

Using the light-emitting expression systems described above,
tumors could be imaged based on light emission for up to 45
days in animals. These findings suggest a remarkable plasnid
DNA stability in bacteria in the absence of selection.
Therefore, by placing the therapeutic gene cassette in cis
configuration with the light-emitting protein expression
cassette on the same replicon, light emission can be used as
an indicator of therapeutic construct presence and stability.
In contrast to 1light-emitting proteins, the therapeutic
proteins, endostatin and Pseudomonas exotoxin/TGF alpha fusion
protein, are required to be secreted from the bacteria into
the medium or into the cytosol of tumor cells for iphibition




In order to determ ne whether bacterial colonization of tunors is linmted
to glioma cells or whether this is a general phenonenon 023%9 vg th al |
tunors, fenmale nude mce bearing tunors in the right brea ﬁB

i ntravegously,.khjected with 107 V. cholera in a 50 | f bacterlal
suspensi on. ?ge animals were nonitored within the fih rsﬁﬁ%@?m?nut es after

I nocul ati on under the low light inager for one mnute and denonstrated the
typical |um nescent pattern in the 13 ver region (Figure 11A). Two days

| ater, while the liver had 28 April 2006 WO 03/ 014380 PCT/|B02/ 04767 70
beconeof| ebumayf |gnuwiés cefiv baa;hiawea ph:béebmeamcﬁammz wdsoncotioni zed by

the | . | dit Ih t { at t
DSBS P BING, B 1o BE0LE 00 4001 81 0, LR Byiet aglal i LuTor
five, thestrmigin smtttaddtffmrad: t$mgﬂma1cteasq1mrtdeat @0l obé zddslidjn@ed.nm si on

d, (E 11C F 11D
Showe FRe_cenferidliod MRIcEETR, [He MIRRCSESHM ChediE®a dnnd T the

mai n tph@qcedmhp‘ﬁ’ereane met ahem:pd;msnuleqeence uabr ehddsbetcone ehidr ed.
S I SEEERLIAIder Ee O ORELMAn hn ey e’ 28Ry AdhIdIE AR HLAST TUTOr

Simlar experime wet & conduct & ASti at€ t hat

homi ngrehe@fpe thm@rnsbbyabmtmhca the medismr adm atkbetn@exaﬁ pEoteimes 11E and
11F). {R.d e t c t t bl ood

ci't bul 5he GPAS PRASHPPaRhe B BATEEEERIIAE \ISH SRESERLAL B 2 oond
tunor RE5 geemnE)owRado m&ﬂ@edmﬁmbrmd%ﬁﬁw@ﬁg ahd the rebeasaiafd | eg. The

tumor E@ér@%éd)v‘eﬁré@eﬂ{sow 19#0 10tnday SreqMap! umfa%agsma aghl vidy, was

observed in th g loma tunor denonstrating the abSence of a significant
|-

bact er JaB%CPi['aQChN@ d37c&L8% ool i E@ﬂcugaawa)feit Hils t drBlotpehRader 35 hen t he
ani mal (y8s4) r ey, enged yiddhdO'coabtepuat egh,Y. t‘ﬁ'ém %teeréﬂiéﬁved}ous'y, the

| eg tunor shovved strong | um nescent activity. The findings of these
exper | fidgRdonRATN SKPBORIRAEIE |adPher fuﬁmn)r@qt@tlau Grpacfer fal s

ef fect {Ne! YmOl €61 Jld® sequence upstream of the fusion gene and the
release from the periplasmic space into the medium is
facilitated by sequences present in domain IT of the exotoxin
(Chaudhary et al., PNAS 85 (1988), 2939; Kondo et al.,
J.Biol.Chem, 263 (1988), 9470, Kihara and Pastan,
Biocon].Chem. 5 (1994), 532). To promote secretion of
endostatin and Pseudomonas exotoxin/TGF alpha fusion protein
from L. monocytogenes, the signal sequence of 1listeriolysin
(LLO) (Mengaud et al., Infect.Immun. 56 (1988), 766) can be
placed upstream of each coding sequence.

For regulation of endostatin and Pseudomonas exotoxin/TGF
alpha fusion protein expression levels in bacteria, wvectors
can be generated where the therapeutic protein enceding genes
are under the control of the T7 promoter or the Pg.. synthetic
promoter (Freitag and Jacobs, Infect.Immun. 67 (1999), 1844).
Without exogenous induction, the levels of the therapeutic
proteins are low in E. coli and in L. monocytogenes. The
minimal levels of therapeutic proteins in bacteria provide
‘greater safety following intravenous injection of the
engineered bacteria. In the following, the construction of six
plasmid DNAs for constitutive and regulated expression of




Furthernore, the bacteria within the tunors do not escape into the bl ood
in sufficient quantities to infect susceptible sites suchzgag 8%@'6 t unors.
(E) Bacteria home in to bladder tunors in immunoconpetent m c8 mce

were i nw{%\zg%gﬁkhsl y injected with 10" attenuated V. %ﬂz@‘é’tg? ansf or med

w th pLI encodi ng the |ux operon. On day nine after eri al
delivery, lum nescent activity was 28 April 2006 WO 03/014380

PCT/ 1802/ 04767 71 recorded by photaom collection for one m nute under the
low I|ight imager. Light emi ssion was noted in the bl adder region of the
whol e andosmtat{if gande PA&ydonkhasarexwbs ingTEF satphd i €adiom@ndraeiabdom nal

i nci sign S de_t xpose the bladder., Luminesc activj was

posi ti V8l ?ﬁ‘icﬁfr{?‘f r%‘g f’o BE9GYoPERS olst%%s‘mla}?@g]er iEJLILELl Bg?ﬁm]i )£ Upon

r enovabeoftdane relragderintbonk ! heol i ga.lil UWMESCERE akinsthitiiti@siyo | onger
vi si.bl e an%/v\,here in rtlg_ﬁ‘ ani mal s, however, the excised bl adders continued

to deRBREEFSR%E PRGR sEPONCRE Gur S L1 BEBEd RI#SEREST dQuIRS  of this

experi FeghsrdaGELr | afRn tafget [foHmRehsobBned NMTUROCONPELSAty as i | as nude
m ce. Furthernore, the bacteria can also target smaller tunors. (F)

Bact er Fanfbhetively GrPERBSIUNAG GIR FRESEEER n Riasmids BERFSLTRS with
gl OB hyMREeTYA- S BES! DR gio' NEGANRRAUS 4 BN elied MIkh Ihg at tenuat ed

V. cholera wth the pLI TE201 asm'd throug ) t femdral vein to
det er nbhesm¥dsh RERGH3  #dan #osed HE iesddcetai inbdf.r i @rliarkdict ar.get tunors

in i o Sﬂf%%ﬂ t animals. The whole animals were nonitored for one
m nutgﬁyﬁnggr t e% ow light imager the follow ng day and |ow |l evels of

| um nescent activity was observed through the skull. The rats were

sac | 1 gedogd I LALE b1 SahE: WaSeok TP IR0 BbECEIL Qhger L0

further € exac ocation o um nesce acteria.
Vi sualization of the excsseckttion fromd®r 4diki | nager denonstrated strong
| um nescent activity in specific regions of the brain (Figure 13A).
Simlar imaging of control rats w thout brains tunors, which

The construction of the endostatin secretion vector to be used

in E. coli is as follows. The coding sequence of human
endostatin (591 bp) will be amplified by PCR from the plasmid
pES3 with the introduction of the required restriction sites
on both ends, followed by ligation into -a pBluescript
(Clontech Corp., USA) cloning vector to generate pBlue-ES. The
ompF signal sequence (Nagahari et al., EMBO J., 4 (1985}, 3589)
is amplified with Tag polymerase and inserted upstream in
frame with the endostatin sei:luence to generate pBlue~ompF/ES.
The expression cassette driven by the T7 promoter will be
excised, and inserted into the pLITE201 vector described in
Example 1(B}), above, carrying the 1luxCDABE cassette, to
produce the plasmid pLITE-ompF/ES. The sequence encoding the
PAS factor (a 76 amino acid polypeptide) will be amplified
from the chromosomal DNA of Vibrio alginolyticus (formerly
named Achromobacter iophagus) (NCIB 11038) with Taq polymerase
using the pPrimers 5'-GGGAARGACATGAAACGCTTAI-! and 51—
AAACAACGAGTGAATTAGCGCT-3', and inserted into the multiple
cloning sites of pCR-Blunt {Clontech Corp., USA) to create the
expression cassette under the control of the lac promoter. The
resulting plasmid will be named pCR-PAS, The lac promoter
linked to the pas gene will be excised from pCR-PAS and




were intravenously injected with the | abel ed bacteria, denonstrated
absence of any |um nescent activity (Figure 13B). (Q Trarzsg Iqigﬂ) uman

fi brosarcona cells hone in to subcutaneous gliom tunors PUde™ i ce 28
April 2Q@Q:¥@s83/ 014380 PCT/ 1 B02/ 04767 72 Nude nice W /?BE H@'P br east
tunors were injected intravenously wth 5 x 105 human rosarcoma cells,
whi ch were permanently transformed with retrovirus derived from pLEIN.
Seven days post-injection, the anifals were anesthetized with Nenbutal,
and nonitored under a fluorescent stereom croscope. Fluorescent cells were
not ed dnbgriedt héntunopLiBpi/6F tlfe whHelld nitbe t Hioaegh phesskdn (Figure
14A1- 3pspppogexposure of the tunor tissues by reflection of the overlying
skin (Figure 14B1-3), and in cross sections of the tunors (Figure 14Cl
-3), fluorescent patches were visible in distinct regions. C ose

exan n@@.h@l’ﬂl@f o885 O ARG oéttQ@ m @.ggghowﬂﬁl&i\e ehenensgs of o4 paml |
clusters of fluorescent cells in the of the aninmals, denonstrating
the af PRAPty OMtERBST idr 34 arkXOWetesy | sfO %Wefihéw URGs PHPPRdEEERBh to the
tunor odgghibssdle. dmeampl esdquddRRst EHESE Pl Ofdchasherial RlAasand veetors that
carry the Ilght em tting protein encodi Nng expression cassettes and the

t her ap&gerdopens e¥yexsiton(REdfdt.r s P&cﬁ@qu%@ﬁﬁl gosedingh PR30 Rati onal e

Usi ng mml bghtexem&lﬁgt@xpém&aoﬁy%h%pﬁeéeaﬁ&l 9@91@@&3/%& wyrors coul d
be |rrag based on [ight emnm ssion for days in animals. These
Ka

fi ndi n§sagieffesat aPEr3é?vfﬂGEa@ltha| %&éﬁﬁt@ommmssemqua 288a613fT@ in the
absencg; gha 5 ebiscd i frmew;ﬁéomas&yd RHACT NGiihe ot helpaRewhi Cigene cassette

in cis_ confjguration with t %ﬁ emtting protein expression cassette
on t heBsagent&pl i cBhemy i gift en@%?s'l Jcant®e @s€dtas e i nBleEist of
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light-emtting proteins, the therapeutic roteins, endostatin and

PseudofbRBd bimeski Hy Teire af prerqmediesn will be excised and inserted
into pLITE201 to yield the final plasmid BSPT#2-PTTI.

(C) Construction of plasmid vectors for protein expression and

secretion from L. monocytogenes

Genes encoding endostatin or PE37/TGF alpha will be inserted

downstream of the listeriolysin (LLO) signal sequence in the
plasmid pCHHI to generate pCHHI-ES and pCCHI-PE37/TGF alpha.

Constitutive expression of the therapeutic proteins will be

obtained by linking the above secretion cassettes to the
iisteriolysin promoter obtained from the pCHHI vector. The
sod-gfp expression cassette, excised from the plasmid psod-gfp
(Gotz et al. PNAS in press.) will be inserted into pCHHI-ES to
generate BSPT#3-ESc, and into pCCHI-PE37/TGF alpha to generate
BSPT#4-PTc. For the expression of the therapeutic proteins
under the «control of an IPTG inducible promoter, the
listeriolysin promoter in BSPT#3-ESc and BSPT#4-PTc will be
replaced with the Pgac promoter from the plasmid pSPAC (Yansura
and Henner, PNAS USA 81 (1984), 439) to generate BSPT#5-ESi
and BSPT#6-PTi. Pspac 15 a hybrid promoter consisting of the
Bacillus 's'ubtilis bacteriophage SPO-1 promoter and the lac
operator, IPTG-induced GFP expression from the Pgae promoter




protein, are required to be secreted fromthe bacteria into the nedium or
into the cytosol of tunor cells for inhibition 28 April (5%6 014380
PCT/ 1 B02/ 04767 73 of tunmor grow h. To achi eve protein secre B omthe
extracel | ul replicating E. coli cells |ntothet constructs
with di PP ’ﬁ‘?%m gnal sequences can be desi gned. ErJls)ecre Iron of
endostatin, the onpF signal sequence can be pl aced upstream of the coding
sequence of endostatin, which faciVbétates the secretion into the
periplasm c space. To release the endostatin into the nedium an

addi t i cvesd beem eidocumeheedPASnpriot eopoisatrenes e cbexpiegssedl wicth
endost%a § hfilfsbeen shown to cause nenbrane | eakiness and the rel ease
of secret et proFel ns into the nmedi um (Tokugawa et al. J. Bi otechnol . 37
(1994), 33; Tokugawa et al., J.Biotechnol. 35 (1994), 69). The second
construct for the secretion of Pseudononas exotoxin/ TGF al pha fusion
protein fromE <coli has the OmA signal sequence upstream of the fusion
gene andEidmple &:edsaohsbrative pér the asrpresypiaveof ntuciferasedpddh i s

facilitated sequences. res i.n | 0 (Chaudhary
ot al .. PNASTHS 30 GRSFoTi A o HoriiBi SRR dr' (R, E1EEKOLOYel (1988), 9470;
Ki har a @aﬁo@aatﬁﬂ an&lnmmblﬁh@mtcﬁu(nyM) alﬁ%a?)fus'ﬁ@nppnabemsaerdeti on of
endostatin and Pseu é_;)non s exot oxi n/T g?a fusion protein fromL.
nonocyt ogenes, the uggh h%‘hc’é‘(ﬂe i, §P PoF VSISYS(LLO) (Mengaud et al .

I nf ect. | nmun. 56 (1988) 766) can be placed upstream of each coding
sequence. For gul ation_ of endgstatl n and Pse do nas &Otag’éi n/ TG al pha

f usi on Tt of& naE Br ekQi dietiestel hen BEREEHGS, ors® &ner at ed
wher e thehddiaioaRaubi én PG NtigRGREI AE g@ﬂésanm&su,ndﬁie tlha&re(l@nblfm of the
T7 pronoter "or the Pspac synthetic _pronoter |taﬁ and Ja

| nf ect . Phusensiad futdye)y %@E?Sse"?fv %HS&FG%G d&@tlk@r‘? errPré“ | evel s of

the thefaReutdsC pRr ohgbgsatd.e It@wrkfoke, CAlfiteand tirAnkformitieyt oggnes. The

m nimal |evels of therapeutic proteins in bacteria provide
recipient E. coli or L. monocytogenes with the constructs
described in Example 4, the colonies with the highest
‘luciferase 1light emission or GFP fluorescence will be
selected. In addition to characterizing light emission Zfrom
each selected colony before intravenous injection, the ability
of the selected transformants to secret endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein into the medium
needs to be confirmed. The presence of endostatin and
Pseudomonas exotoxin/TGF alpha fusion protein synthesized

within E. coli and L. monocytogenes will be determined by

extracting these proteins from the cell pellet. The secreted
proteins in the medium will be concentrated and analyzed by
gel separation and the quantity will be determined by Western
blotting. It is imperative to determine the percentage of the
newly synthesized proteins expressed from each plasmid
construct in either E. coli or L. monocytogenes that is
present in the medium. It is also essential to confirm, in
addition to <constitutive expression of endostatin and

Pseudomonas exotoxin/TGF alpha fusion protein, that expression

can be induced in E. coli and in L. monocytogenes upon the
addition of IPTG to the bacterial culture medium. For the
design of future tumor therapy protocols, the relative amounts



greater safety follow ng intravenous injection of the engineered bacteria.

In the followi ng, the construction of six plasm d DNAs fo Q futive
and regul ated expression of 28 April 2006 WO 031014380 PC'I%‘%B’Q%Q%G? 74

endostawd10 ﬁ“@ seudormnas exot oxi n/ TGF al pha fusi onpgji_}ﬁﬂez\}n% in E. coli

nd L. nonocytogenes is described. Al plasmds to tansferred into E
coI i wll carry the constitutively expressed bacterial |ux operon, and all
the plasmids to be transferred intd7L. nonocyt ogenes w |l carry the

constitu ivelé expressed sod- glg cassette. Plasm ds BSPT#1-ESi and
BSPT#2-Pt i PAPEeLD| FeCgere| iRvat Ebpn ERsddtptave y exprgssbpasmveEeBSPT#3, #4,

#5, andaé%iieetmlwt@omﬁax%d ced |t dihducd®PNaga4enss 148l s Cegst Luct i on of
pl asm d ctor; for protein expression and secretion fromE. coli The

" const r (G5B FIPRP tfd’trsltr dBchactonate Sl tuESS bel tusled eIURLRY coli is

as fol Imnﬂlae eeduageﬁ@m@rtﬁetofbdwn?&ot@ﬂﬂ@sméﬂ Ns B SbsiREaWihl be
anplified by PCR fromthe gl asmd with the introduction of the

requiréer r E9LET c#%on i t B8 Oﬁﬁt?ﬁﬁrf?sen%e followegabyy| iaphiven ihto a

pBl uescgemat(e@l FroRC Nt KD PropdlSéy @bﬁBtﬂgcﬂeeCtQétﬂ Og%ﬁéiﬁé eywgBkue- ES. The

onpF si sequence (Nagahari et al_., ENBO J. 3589) is
anpl i fligﬂﬁ'\ﬂ gﬁ‘g A ¥s&l alhd ‘F‘h‘slelaflédw‘t‘:ﬂb%tsrr@&% A b?r%ﬁﬁel% th the

endost atin sequence to generate pBI ue-onpF/ ES. The expression cassette

driven Igést he -e{g r?n%{er wil | exci sed, and inserted into the pLI TE201
vect or ¢S R %nﬁ%@eﬁj(nﬁﬁntsamgrl]%% eIy tHeulgx CORBErBasset t e,

to prmdwteeﬁ:hen@éﬁfdﬂﬁl Rl ’s’&c@@@ﬂxﬁ&y E*é%r@@él&eﬂ?cﬁn encdngushgy PAS
factor 76 am no acid pol%(etlde will be a fied fromthe
chr ormst&’ﬁa MBRA SR hPEBL 2PYy; #R| GoTRIRA TIPS, e yPAﬁaP@é’eA@ﬁFf@%‘ﬁact er

[ Ophaglfﬁ:)ot(aml Bxﬁi@@@iozw t@hér@él @%é/f‘i@r[e%%@ 'm}iillngalts%e HdWTBL S the
CAACGAGTGAATTAGCGECT-3"', and inserted
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create firlom bacteria using the OmpA signal peptide in combination
with domain II of PE. Further, the listeriolysin signal
_peptide may also facilitate the secretion of endostatin and
the chimeric toxin/TGF alpha fusion protein into the medium as
well as into the cytosol of infected tumor cells. Using the
endothelial cell migration inhibition assay and the protein
synthesis inhibition assay, it can be expected to determine
that both proteins secreted into the medium are biologically
active. The presence and quantities of these proteins may be
regulated by replacing the constitutive promoters with
- promoters that can be induced by IPTG.

"In addition to the secretion system described below,
alternative secretion systems such as the E. coli
HiyBD-dependent secretion pathway (Schlor et al.,
Mol.Gen.Genet. 256 (1997), 306), may be useful. Alternative
secretion signals from other gram positive bacteria, such as
the Bacillus sp. endoxylanase signal peptide. (Choli et al.,
Appl.Microbiol.Biotechnol. 53 (2000), 640; Jeong and Lee,
Biotechnol.Bioeng. 67 (2000}, 398) can be introduced.

() Confirmation of endostatin and Pseudomonas exotoxin/TGF




expression cassette under the control of the |ac pronoter. The resulting

plasmd will be naned pCR-PAS. The | ac pronoter |inked t%w gene
will be excised frompCR-PAS and 28 April 2006 WO 03/0143 82/ 04767

75 i nse%\e@ggg%o pLI TEonpF/ ES to yield the final pl a;gg%%}gﬁp;r#l ESI .

Plasm d Kondo et al., 1998, J.Biol. Chem 263: 475) cont ai ns
a T7 pronoter, followed by an onpA signal sequence, and a sequence
encoding domain Il and 111 of Pseudononas exotoxin (PE40). The DNA
sequence encoding PE4A0 w Il be excised with restriction enzynes and
repl aced wilphaafudiaymewitedth SESELIGR firpiadbidsmidoimiasgeaotioxin A
280- 613/ TGF al pha) obtai ned fromeéglT piasm d CT4 (Ki hara & Pastan, 1994,
Bi oconjug. Chem b5: 532-538) to HEHE t he pl asm d pVC85-PE37/ TG al pha.
The expression cassette of onpAPE37/ TG alpha linked to the T7 pronoter
wi |l be excised and inserted into pLITE201 to yield the final plasmd
BSPT#2EPTIEOL{ @tw r 8500 mngr Bﬁl%émlﬂﬁ)\/é@ﬂd{ e drrapedeened ewbllessi on and
secret g odi-n o] / TGF al pha
PR i ARy SRR AR BTy 3%?129%3?'{%@@8 S quence In
the pEEBAZd pQHI  tbegerteransdop@ei - BE tand pEEHMdES?Bﬁ@ éﬂb‘ﬁa

Const ! bk SPr c88begs0fst N HRCT BPL Gall oL 1 il be apbilal ned by

Ilnklng t e secretlon ‘cassettes to the I steri i n pronoter
obt ai n@§atiein t henpCHIaPPYeptrbate Theantwcyﬁlp:"-@faptesm% caBseke®d, excised

fromt Eﬁdi’bf&iﬁld dbsl%lgfspmi@bbé %lé‘étecf"\ﬁ%rd rbaQ!heSt%a)as%Hna@foﬂ nserted
into pCHH -ES to generate BSPT#3-ESc, and into pCCH -PE37/ TG- al pha to

gener aléxtpapTylihene  cebpnigfe Wbk ebsi @ﬁréﬁn@%euﬂﬁéraﬁeu]tqv{: bt@ttei ns  under

the combgglr ofan@n fﬂﬁ‘éél%&&%bmr&d%ro%% gr, fchhelul:hﬁéﬁééé)' ¥8hn @rpnoter in
BSPT#3- ESC and BSPT#4- PTc w | replaced with the Pspac pronoter from

“the pl 8§Pr¥%lsi)1SF3ACr@?§ﬁ§E%‘éelﬁé:n@Wﬁn@?lom Widh ghe( pogh) 1““4@’%9 to.

gener ay egRSPI#BsESin Ak BRI 6 RlsroRRdtidis BabolPriith PrEOERss&ONSI Sti ng

of thefor further studies. To verify the secretion of endostatin and
Pseudomas exotoxin/TGF alpha fusion protein from each selected
transformant, the cells will be grown in minimal medium to log

phase. After centrifuging down the bacteria, the supernatants
will be passed through a 0.45-um-pore-size filter, and the
bacterium-free medium will be used for precipitation of the
secreted proteins. The precipitates will be collected by
-centrifugation. Pellets will be washed, dried, and
re~suspended in sample buffer for protein gel separation.

Proteins from aliquots corresponding to 10 pl of bacterial

culture will be compared to proteins from 200 ul of culture
supernatant after separation in a 10% SDS-polyacrylamide gel.
Western blot analysis will be performed using polyclonal
antibody against endostatin (following the antibody production
protocol described by Timpl, Methods Enzymol. 82 (1982), 472)
and monoclonal antibody against TGF alpha (Oncogene Research
Products, Cambridge, MA, USA). The optimal growth conditions
will be established for secretion by sampling the growth
medium at different times during growth., A similar method has
been used previously to analyze secreted proteins in
Salmonella typhimurium oculture supernatant (Kaniga et al.,
J.Bacteriol. 177 (1995), 3965). By use of these methods, the




Bacillus subtilis bacteriophage SPO-1 pronoter and the |ac operator.
| PTG i nduced GFP expression fromthe Pspac pronoter 28 Aprié 2¥%gbd§0
03/ 014380 PCT/1B02/ 04767 76 has been docunented in L. nDnocyéBgenes in the

cyt osol wof soiBegel i an cells. Exanple 5: Denonstrati on-@fehigcsXPression of
| uci f erase aﬁg GFP in bacteria and verification of tﬁe&%ecretion of

endostatin and reconbi nant toxin/ TGF al pha fusion protein and their
function in cell culture assays To h® able to detect the presence of E
coli and L. nonocytogenes in tunor tissues in live animals, the | evels of
t he comdwoinit iofelseareteds feotednsf énaddearthqdeRiph wadtereamedésd to be

adequa fore tes Lon (oF Mol . E. i..Qr L.
nnnocy?%n§%§§é§[§% ?ﬁ%{éﬁag?%ﬁgﬁég%ggéggiBEEP?%§E§§%%#EOE,w?ﬁ% %glonies
with testhbgheked. | (8 f @siésalée ghtheniissirenser GFP fHaiomaststicecdi || be
sel ect dditd 0 ghar erdzing |i eALSSh r sel ected
col ony(:}s‘tgj}:a:fiC g?g?i f\iﬁda%ﬁ%usg?nj g%%i o%%dﬁq%é_agﬁl@ltric;t gbﬁ%;’&%}ﬂ{a %gog@?gg

t r ansf GCHARREID e¥Remeasgostial Reak@rrisduabhphis adlondxtRTTGoal pha

fusi on¢peobaiRet MO &bauRdiiMM]BeetasborBe 8oRLi EMedyihe piesgace of
endostatin and Pseudononas exotoxin/ TGF al pha fusion protern synthesized

wi t hi nSECTebeY RERFainsnihbt o fafeyedi pf ®OWeternined by extracting these
proteins fromthe cell pellet. The secreted proteins in the mediumw | be
concentrated and anal yzed separation and the quantity will be

) by gel ; .an /
det er ni nefBhyarsfieniion of tthey biptogicahpatdmiby o6 erdast@tia t he
per cent agR Rbtbli Sy W13y BhECE] ZRsh Lp SHRIRS 3O b ch plasmd
construct in eithé¥ E. coli or L. noﬁ%%?% ge%gs trgfaiglghggggﬁt in the
medium It is also essenti al inhikidrifdnr mssem  addition to constitutive
expression of endostatin and Pseudonobnas exotoxin/ TGF al pha fusion

protein, that expression can be induced in E. coli and in L. nobnocytogenes
upon tRA& duditileerof PPT@tothht baedestativul tinhébihksli uresFetar.he

endothelial growth factor (VEGF)-induced human umbilical wvein
endothelial c¢ell (HUVEC) migration. Thus, the biological
“activity of endostatin secreted by bacteria can be tested
using the HUVEC migration assay provided by Cascade Biologics,
Portland, OR. The inhibition of cell migration will be
assessed In 48-well chemotaxis chambers (Neuro  Probe,
Galthersburgs, MD) (Polverine et al., Methods Enzymol. 198
(1991), 440). Bacterium-free supernatant from each secretion
construct will be added to HUVECs for preincubation for 30.
min. After incubation, the HUVECs will be placed in the upper
chamber. The migration of HUVECs into the lower chamber
induced by VEGFis (R&D Systems, Minneapolis, NIN) will be
quantified by microscopic analysis. The concentration of
functional endostatin in the medium will be directly
proportional to the degree of inhibition of HUVEC migration.

(C) Testing the cytotoxic activity of secreted recombinant PE

toxin in tumor cell cultures

The inhibitory activity of the chimeric toxin in mammalian
cells will be measured based on inhibition of de novo protein

gsynthesis by - inactivating EFf-2 (Carroll and Collier,




design of future tunor therapy protocols, the relative anounts 28 April
2006 WD 03/014380 PCT/1B02/ 04767 77 of protein secreted %Ah@zm
constitutive expression system needs to be conpared to theé rhduce

e?p_ressﬁ,grbf)rdéyﬁl s for a defined time period first ip-Pagbelspl cul tures.

It is equa essential to determ ne that both proterns when synthesized
in E coli and L. nonocytogenes are biologically active if generated from
t he proposed constructs. Both proté&idns were synthesized previously in E
coli and were shown to be active. The results of the experinments described
bel ow §hidld Chenf.i r262 wiaphel, efdOS? at iAlliwotaccessbakckyrsenriteed from E
coli ugi| E..sl ly p ,de Ln.conhi L W P form ng

pr ot ei %ﬁéé%&agégﬁtgr? eag'glggxp:%dnngnt ‘s:ﬂt\a/vi I Irggglp'g%gg ow }o tﬁ%ﬁ%{é‘%m TGF al pha
and PEBF¢SRERnanphaPH usieonepian ecnsshrectsecipt 68 frédi Fact et a usi ng t he

OmpA sj eptide. i I i it h.d Lo | f_P ur. r, the
Iister#%@éﬁt‘;og}séksgawiﬁpg%#%@énda% a|t\£f§ ? gcgﬁé’% eé‘ta')gleS s%crd; i%drﬁof
endost &f i eplamd catrkénohi neslils .t delddTOER af e mensi eathr ne@ium,i rithe t he nedi um

as 1.0t o cytosol, of i t u C . Usi t :
endo\t,\ﬁg |asllcae ICémf%sr aﬁg?\ ibn iBﬁlF%%ér?\ g'ggféyngﬁél ?%%&pr%edt EIQ%d rs@r?t hesi s
i nhi bi inorrmssdayeni witanbbe detpesieetl t bh deher profeein hBradioom .prTot ei ns
secret [.0f.q .t [ e.pi hCal 1y LV : ce..and
quant | 35 s TaRe; (BeCBERUIAE b SRR chunBEL) ) ol e 3

const i fut mvrogyiorgEness infedtedrmamiadhisant el lean the ibatticed abWwilRTG | n

addi ti : refion S .fJesglj b : i v ecretion
systen@gs%ghﬁlg&ga%e?g %I."Mgoltlﬁ¥ h%%ﬁﬁdg en‘%%‘r#ﬂ éggpet&oeﬁla%%ﬂgg l;ﬁvva;c h%Schl or et
al ., MbinGdrnGereltls 266nt{di90n)yy, B06mennaytdmrenesef ith. thkt erytatsiove
secreti signal s _f,romaothgr g Pt cter] C e Bacillus
sp. enwgg}‘yl% agé’%sefignzﬁn%pe%f‘el dl':é'g?%%%éé ebgthé.)&a A%%ﬁ?ﬁ%rggl&ﬁl . ?ot echnol .
53 (20DfHate64y, fidbngtiom The, naBnal bwhmdliBilyeage 6Int2000)g t398) can be
I ntroducete NenPRAELL MBEL BT Gf: 1995 LRAELY. 8" PREHOIP NG dliax 0/ TG
inhibition experiments. The  inhibition of [*H]-leucine
incorporation in tumor cell culture will be directly
proportional to the amount of the biologically active chimeric

toxin protein in the medium and cell lysate.

Example 6: Determination of the entry, localization and
distribution of intravenously injected bacteria in tumors of

live animals

(A} Rationale

Siﬁce only a small number of intravenously injected bacteria
escape the ‘immune system by entering the tumor, their
immediate localization is not possible due to limited light
emission in live animals. Their location can only be verified
by sectioning the tumor to identify the early centers of light
emission. Looking at sections at a later time point, bacteria
‘can be seen throughout the entire tumor due to rapid
replication. To determine whether one or multiple bacteria
enter through the same site, red fluorescent protein can be




28 April 2006 WO 03/014380 PCT/1B02/ 04767 78 al pha fusion protein secretion

frombacteria into gromh nmediumE. coli strains (DHSa a 3) wll
be transformed with BSPT41-ESi and BSPT#2-PTi plasmd DN?A?S‘%I%%QE

nonocyt train EGDA2 will be transforned vvith BSPT#3- ESc,
BSPT#4-&$%%% T#5- ESi, and BSPT#6- PTi individually. Q#@%r PIpI ating on
appropriate antibiotic-containing plates, individual colonies wll be

sel ected fromeach transformati on gm xture. These colonies will be screened
under a low light inager and fluorescence mcroscope for |uciferase and
GFP  edps®@S 30N ayedspekEi \eedtyacanlmxaqd Oﬁép'emc/aitillmgt he. mﬂli rdrense | i ght

em ssi on frogiéfach trgnsf or mat i ?01 v% eﬁﬁgﬁho en r flil’t her
st udi STy YRIAUSPCERE BEOFELR o °J6f %d:b% 1N g 3‘55558 LRG0t oxi n/ TGF
al pha Lushefogytdginesf.r @y amhlaselzmg emetdmsfmmm otfhe;neelﬂal will be
grovvnln m ni mal __medi umto %91__ hase. After ovvnthe

I

bact er f&d g%%e%ﬂ&oﬁgtsgﬁpge epfse&jfaoflﬁfo é‘ﬁ ‘an epc’oraL si ze

filterwednd dherepactLEictin fange DHEH LiMawiibh b@f used faampracd pint.ation of
the secreted proteins. The precipitates wll e ol | ected by
cent r i PEBREYIGWERLE| | et @R | | %Se wedtted™igefled, “tdé‘ai&penc?é’(ﬂi in sanpl e

buf f er s{Qii1 trRbakNydeh SEPar abheral Efotp@h:mphéf@m abgﬂ@@s s ogorghespondi ng to

10 pl of bacterial culture ared to ote rom 200 gl of
cul t ur BM™pef hatCim ]%\‘Ft@lxpgédb%‘lll Eﬁ@ﬁ S, Ryeh Eﬁft Yafiife gel .

Viest er gi bt otbanahy sostadddd b&npeﬁﬁ;mrm@dusm@o:p@l yﬁhrﬁlaal th@.ﬁl fdy agai nst

endost at i foI I o] the anti i on pro ocol, descrihed by Tinpl,
Vet hodSPBh Fondrbe s ormpolyh B bad e hRR RS SRS Tl pha

( Oncogene ﬁeﬂ:%ahchhef’épﬁuﬁ:itlﬂ b@aaﬁélaigmlllwAapﬂB@éch The optinmal growh
conditions wll be established for secretion by sanpling the growth
medium at different tinmes during growh. A simlar nethod has been used
previ owstly theanaiperdmeatsetdedcpibedi ia i sectSamnoiB) | abieyphi mithieum cul ture
Super ”at€‘£‘§, (Kggglaglca%io%l," and distribution of light-emitting
bacteria in spontaneous tumors can be compared to the
distribution patterns in implanted tumors. Further,
double-labeling experiments will allow the operator to
precisely locate the extracellularly replicating E. coli and
the intracellularly replicating L. monocytogenes in the same
tumor sections. Lastly, it can be determined ({subsequent to a
five-day Dbacterial colonization) whether bacteria are
distributed evenly in the tumors or preferential localization
occurs in the periphery of the tumor or in the necrotic
center. A possible reduction in -bacterial entry into
spontaneously occurring tumors due to the immunocompetence of
these animals can be overcome by increasing the number of

intravenously injected bacteria.

(B} Intravenous injection of E. coli expressing red
fluorescent protein and L. monocytogenes expressing green
fluorescent protein into nude mice and into rodents with

implanted and spontaneous tumors

E. coli (DH5a) carrying the DsRed (Matz et al., Nat.Biotech.
17 (1999), 969) expression cassette under the control of a




J.Bacteriol. 177 (1995), 3965). By use of these nethods, the 28 April 2006
WO 03/014380 PCT/1B02/ 04767 79 anpbunt of secreted proteins é?‘ {. 0gacteri al
culture nedium generated by each of the constructs vvithou% RduetPon wil

be estaghli.shed To estinate the increase in the ano f creted
ot okl

protein medi um | PTG dependent pronoter acti xperiments
will be carried out by adding IPTGto the bacterial culture in |og phase
for 3 to 6 hours, and the secretegoproteins will be assayed as above. (B)
Verification of the biological activity of endostatin secreted by E coil
and L. congoryiidgeneprsmiotgra argratcea HAhi Bhikoneapsaymdiit has;pbeen shown
that endostatin inhibits vascu& ar.. _endot hel. al owt h factor

( VEGF) PPHACERF AT B COnBFF 7 S8Fd VAT 1 ERB oY HER | T~ e ARLREEY™ yr at i on.
Thus, thenbbpliggl calrulagte VidyefweaRdoshati dusEcy al@d 1Y RaEh efha can be
tested using the HUEC m grat I on_assa r.ovi d%% % Cascade, Bi ol ogi cs,

Por t | aHBSSHRIL UM GR L PEPERLDT CREFGE gcg%h"ie&n i 1S EONFELRECHEE i n 48- vel |
chenot ggb Spediasdear.s (Neuro Probe, Galthersburgs, MD) (Polverine et al.,
Met hods Enzynol . 198 (1991), 440) . Bacteriumfree supernatant from each
secretion construct will be added to HUVECs for preincubation for 30 mn.
After Theulaidadtzatben HEMECsimiddtuberpl achddmbubeotppey bebiesther . The

m gration of. HWECs into the | ower chanbe i nduced by, VECGF165 (R&D

Syot oIV SE t0RERg o R nS R Py PR S EEHIE il ysis. The
concenHC211®&n coflonf wtdiowak endestsat | 061 nyliieanedr uriQmlile beobrr ect |y
proportional to the degree of .inhibition of HUWVEC mgration. (CQ Testing

t he cyF%’E%ﬂ%’_‘aac‘f?J_inst y Cof xsé@_r?etléd 500 o _n‘éth% pRe tS&PiCHtP’Pie‘? t cell
cul tur egs dheed MY tey AGhitYiniNd0h b ChhEELISnE 0XI NTidLvERIB@)d an  cell's
wi Il be measured based on i nhibition of de novo_protein synthesis by
i nact i ¥Rk gt qaddr AePrChheR Cotle eanimeg sapilll Peognresthetized,
' and the left femoral vein surgically exposed. Light-emitting
bacteria (1 x 10° cells re-suspended in 50 pl of saline) will
‘be intravenously injected, and the wound incision will be
"closed with sutures. Tumors will be measured three times a
week using a caliper. Tumor volume will be calculated as

follows: small diameter x large diameter x height / 2.

The localization of bacteria in the tumor, based on GFP or
RFP, will also be analyzed using cryosectioned tumor tissues.
A reliable morphological and histological preservation, and
reproducible GFP or RFP detection may be obtained using frozen
sections after a slow tissue freezing protocel (Shariatmadari
et al., Biotechniques 30 (2001), 1282). Briefly, tumor tissues
will be removed from the sacrificed animals to a Petri dish
containing PBS and dissected into the desired size. The
samples will be mixed for 2 h in 4% paraformaldehyde (PFA) in
PBS at room temperature. They will be washed once with PBS,
.and embedded in Tissue~-Tek at room temperature, and then kept

in the dark at 4°C for 24 h and slowly frozen at -70°C. Before
sectioning, the tissue will be kept at -20°C for 30 min. Then,
10- to 50-um-thick sections will be cut with a Reichert-Jung

- Cryocut 1800 cryostat and collected on poly-L-lysine
(1%)-treated = microscope slides. During sectioning, the




WO 03/ 014380 PCT/1B02/ 04767 80 J.Biol.Chem 262 (1987), 8707). Aliquots of
bacteriumfree supernatants obtained fromthe expression %D va .(Ri S

reconbi nant PE secretion constructs in E. coli and in L. ‘ﬁ@&% oéenes
will b 0o the C6 glioma cells or to HCTI 16 i noma cel | s.
Fol | ovm'evnvgjq}?}rﬁfe!‘g%orrent with nedium the nmammalian cell get\ﬁhﬁﬁﬁ?pul sed with
[3H] -1 euci ne, and the incorporation will be determned in the protein
fraction. To determ ne the presenas of secreted chineric toxin proteins in
L. nonocytogenes-infected manmalian cells, the bacteria will be elimnated
from t heteetalinwbyl gent &upti reit r eadmre bénpdiwtumantml ravidekkserant ai ni ng L.

romove b PeBme ndntl VORHER) cueler o, Rinat e et 1 Be Ao drg

cont ai piifiged htn FBEChaledo@iMdriinC PREXANE Médd ibethssayer dth gpeptein
synthesis inhibition experinments. The inhibition of [3H]-Ieucine

incorporation in tumor cell culture will be directly proportional to the
amount tgf hdyei R0l @gkCabhdprpCiirvel chherdyd tth eyl NEPr Gt kAgt hg, medi um and
cell lysate. Exanple 6: Determnation of the entry, l|localization and

di st ri Banpertegenas rigmBhdie Yiaqlectie®ackinia &£ vmass of 104 ani mal s
(M) _Rajiopaler 51 Bge 109byc o sHRbL EMDHOPT LI 4 AVERPUS Vnid el bacteria

escape the i mune system by entering_the tunor, their imediate
| ocal i Y4ER oM RotCOPBRsiAHrELB0B t GELLLAT t S VEhtdeydni 3L P9y ve

ani mal gevdi§inertgCcat bAMERN By the ver htbed aly $eGlmorhBgaEREI 4 UNDr tO
identify the early centers of |light em ssion. Looki % at sections at a

| at er STORP pBikt, rpaeiesian épkrypeenclsn inesid¢RBuet He effdd evilthhor due to

rapi d tpeplrireat éfiyrrlierdeteisrhae Wehﬂﬁzﬁa}.’é‘ef%mméafchp;%:d?@c_t#{ila ent er
through the same site, red fluorescent protein can be April 2006 WO
03/ 01488CE T RBEBR/ 04 ragenous injection of L. monocytogenes

transformed with the GFP cDNA construct., The third group of 9
animals from each tumor model will receive both E. coli and L.
monocytogenes (1 % 10° cells of each). Five hours, 25 hours,
and 5 days after injection, three animals of each treatment
group will be sacrificed, their tumors excised, and processed
individually as described in the above cryosectioning
protocol. After freezing, each tumor will be cut into two
halves. One half of the tumor will be used for preparing thick
sections (60-75 pum), which will be analyzed under a
fluorescence stereomicroscope to observe the distribution of
bacteria in the sections of tumors obtained from each time
point of the experiment. The regions of interest will be
identified, thin sectioned, prepared, and anhalyzed with laser
scanning cytometry and under the confocal microscope followed

by image reconstruction.

In parallel experiments, animals with spontaneous tumors, as
listed in Table 6, will be obtained and used in intravenous
injection experiments with E. coli carrying the bacterial Iux
'operon. Two animals of each tumor model will be used, and the
luciferase licht emisgsion monitored daily under the low light
imager. It i_s expected that the spontaneously occurring tumors

can be imaged similarly to the implanted tumors based on




used to | abel the extracellularly replicating E. coli and green
fluorescent protein for the intracellularly replicating Iagjpﬁyf&%ogenes.
By visualizing the distribution of the red and green fluofestence in

- tissue ﬁﬁﬁﬁjﬂﬁﬁr the entry sites as well as replicaQEgﬁm%mpmiocalization
of E. coll and L. nonocytogenes can be determ ned individually and

sinmul taneously in the central or peripheral regions of the tunor. It can
be expected that the patterns of egtéry and distribution obtained in

i npl anted tunors mimc those of spontaneous tunors, accordingly, the

bact erbastdaisad Wdicdgepass espregriamei MTwbherfaphewisbbnbarerss atwwlsi d

approach. Wth the experinents iLb i3S i 512810 the entry,
repli cBPTSH otFSi %t bﬁ{{?%%cac#%%l%éﬂﬁt %gm S ﬁg&‘%gc%ﬁel e{p "'l%r? \égglgnt aneous

t unor smted wetic ongatcetiricdnbine ofli $hei bewhary patssrans willi he amedd tunors.
Furthe oubl e- |.abel I ng. [ 1S W ald 0 4@ precisely
Iocate£?ﬁe BxtPace Ig %? jﬁﬁégéica f%dﬂ%%kﬁonggﬁgbﬁghgﬁ?ﬂéfﬂkelIuIarIy
repli cahiagtilon noiocyt ogedés exprdseisgnmeRFR upbd skct momecyteganas it can be
determ ned (subse ng t five- acteri | o fﬁﬁﬁ! n) t her
bact er PAPEFE11H sTT1 bt e e%%%ﬁ#?figg%ﬂg't%ﬁnfghogﬁbre ereﬁ?ia ocal i zati on
occur sthas¢ hexperiphety ofillheerphasizyr ithet helgmictisrnee ceht dhe A possi bl e

reductjon in bacteri.al. L ing tunors due to

t he inhﬁﬁ%%@ﬁ%@?%%gg %}£E%¢%E%g%§i §$§Q%gﬁﬁ%g§%¥er %%%Lby i ncreasing the-
nunber of intravenously injected bacteria. (B) Intravenous injection of E.
coli expressing red quorescentTgéﬁg in and L. nonocytogenes expressing
green fluorescent protein into nude mce and into rodents with inplanted
and spont aneous t unor8pdntanebus( Doy acdmayi mgdede DsRed (Matz et al .,

Nat . Bi otech. 17 (1999), 969) expression cassette under the control of a 28
April 2006 WD 03/014380 PCT/1B02/ 04767 82 constitutive pronoter are used in

this expexninlt . LStrain name Tumor Source Reference
species description
Mouse 129/8v- Spontaneous Jackson Zhu et al.,
Madh3®™%**  adenocar-  Laborato- Cell 94
cinoma of ries (1988), 703
large Bar Harbor,
intestine ME
Mouse FVB/N~ Spontaneous Jackson Zhang et
TgN (UPII- carcinoma Laborato- al., Cancer
SV40T)29%rw of bladder ries Res. 59
with Bar Harborx, {1989),
metastasis ME 3512
to the
liver
Mouse FVB- Spontaneous Jackson Guy et al.,
neulN (N$202)  adenocar- Laborato-  PNAS USA 89
cinoma of ries (1992},
memmary . Bar Harbor, 10578
tissue ME
Rat - F344/CrCrlB Spontaneous Charles Hosokawa et
R carcinoma River al.,
of Laborato- Toxicol.Pat

pituitary ries, hol. 21




nonocyt ogenes EGD strain derivatives with in-frame deletion in- each of the
virul ence genes were individually | abeled with the green iélﬁorri espent
protein cassette driven by the constitutive SOD pronoter. e 1I ocal i zation

~and int to%ﬁ?é%l distribution of bacteria wll fi rSE’C'p/];BO?ﬁng; ed in nude

mce w inmpranted C6 glioma or HCT116 col on carcinoma tunors. C6 glionma
or HCT116 colon carcinoma cells (5 x 105 in 100 I) will be subcutaneously
injected into the right hind | eg ofgst he animals. Twel ve days after tunor
cell injection, the animals will be anesthetized, and the left fenoral
vein surgically exposed. Light-enmitting butleingtdnl x{198)cel2lss
re-suspended in 50 | of saline) wll be intrayenously injected, and the
wound incision will be closed with sutures. Tuffors will be neasured three

times a week using a caliper. Tunor volune will be calculated as follows:
smal | diameter x large dianeter x height / 2. The localization of bacteria
in the tunor, based on GFP or RFP, will also be anal yzed usi ng
cryosectioned tunor tissues. A reliable norphol ogical and histol ogi cal
preser vation., andv.repr aducible SER. O BERdoLeck | an, Imy. beohtai ned usi ng
frozen “EeCtions after & sl ow'ti 8508 Treez) ng protoccﬂ %@ rratfradari et
al ., Bi ot eshdli bpEser3Gm-2801g¢ted 2B3DkeiBr tidtany timmendénssueisth wi | | be
. renoved fromthe sacrjfi ce(;!: ni_mal s tto a Petri _dish containing PBS and
di ssected into the dedTRARTER, Q% FWRPTWEEFEMIPTT be nixed for 2 h in 4%
par af or mal dehyde (PFA) in PBS at roomtenperature. They will be washed
once with PBS, and enbedded in Tissue-Tek at roomtenperature, and then
kept in the dark at 4C for 243h Bald®3® y frozen at -70C. Before
-sectioning, the tissue will be kept at -20C for 30 mn. Then, 10- to
50-gmthick sections will he cut wwth a Reichert-Jung, Cryqcut 1800
cryostdf SRE"RofPedPEd RIFVIGHY- BXPPRL AR H%@‘fwsed”}ﬁeé%&?@oﬁé sl i des.
Dur i ng1s@et-aiiithngt NeacirAlr i test0@6 WO 02h@ 14380 dpTT/chBOBA P4 B 83
material wll he kegt at roomtenperature to avoid sever .

accumulation only in the tumor regions 1in animals. This

process can be monitored by imaging of light emission in

tumors. Placing the endostatin and chimeric toxin expressing

gene cassettes in cis configuration with a light-emitting gene

cassette provides an indirect detection system in vivo for

their temporal and spacial delivery via bacteria.

The endostatin and chimeric toxin gene cassettes are linked to
signal peptide encoding sequences, which facilitate the
secretion of these proteins into the extracellular space in
the tumor or into the cytosol of infected tumor cells. Both
proteins secreted from bacteria into the extracellular space
of the tumor are expected to function similarly to directly
injected purified proteins. Both proteins secreted from L.
meonocytogenes into the cytosol of the infected tumor cells
will resemble the wviral delivery system reported earlier for
endostatin. The Dbacterial systems can be used as a
constitutive secretion system or as an exogencusly added
IPTG-activatable secretion system in the tumor. By regulating
the expression levels of the therapeutic proteins in bacteria
that colonize the tumor, the secreted amount of proteins
inhibiting tumor growth can be determined. Withput the



freezing and thaw ng cycles. Finally, the sections will be rinsed in PBS
and nounted in PBS and kept in the dark at 4C. To nonitor %g‘ﬁ SN do¥ of
light emtting E. coli and L. nonocytogenes fromthe bl oo sPYeam’into the
t unor, mce will be injected with C6 tunor 27 nude m ce
W th Hc%éfg)d%gﬁoon carcinoma cells. Twel ve days aftergﬁthrr]%'rmﬁggvel opnent, 9
animals fromthe C6 group and 9 fromthe HCT116 group will receive an

i ntravenous injection of E. coli wgg the RFP construct. Another 9 aninmals
fromeach group will receive an intravenous injection of L. nbnocytogenes
transf eddetion t bf t BRTG-PthENAnhdhstotgt prdtein hsecr @i Bfor® tiwani mal s from

each t del -w L. .receive both E. .cqli_and L. .nonocytogenes (1 x 106
cells gggé%%%)‘&sj“\lg’i \%@jﬁ{fﬁ?g, E@%tef‘%t?r sf"flcﬁall?& E{eggygtaf“ﬁg?' )] @Q%f%n, t hree
ani mal snobleadhctireal aeiin. gfloigp will weowiatyr i dddeed, sdffetiyr tauntiis exci sed,
and pr .ndi vi dual described .i.n the above, cryosectioning

pr ot ocg%?fgf etr Q‘gdg\é?i %g,ahégggstgﬁglrn% c?ﬁ”lJﬂréaré’utc}%i %tagtfiﬁoa' haf Ve, One hal f
of thethenB3PIM d¥stiem,usdd bDoseprapdrdumpitimnclof $het tbrsapBO0eaid g, whi ch
will be,anal d a L sgen ter I C o] serve the
distri E?Jt | onyléef%d kg}gc?%?i gdlhlr%&t?%rg §gcﬁ$’g§§ ﬁ%ﬁu%%ﬁ%ggg%nggpf%em each tinme
poi nt breatrendypdtienbacteThel r égl brerofsystesr esn el klbwindtmhthyfied, thin
secti gl n SRALBH ofng?g{l?ﬂo&“{é‘gg,%ﬁﬂiié‘ée{o %Elh@gacﬁﬁefﬁf{ayl and under

the confocal mcroscope by 1 mage reconstructi on. par al | el
exper i Fefea&tiami mal s with spontaneous tunors, as listed in Table 6, will
be obtai ned and used in intravenous injection experinments with E. coli
carrying the bacterial lux operon. Two aninmals of each tunor nodel wll be

used, atf) Dedermiprtiomsd Ithghelfadt sifoendontabienanthifspudodenashe | ow
O BIEBkan ) SoBARSESSh UAbiAYR SRBAOPRI"RY BRsLIfATG,(TErS Cor
03/ 0148800EFHoddA QA7 GumB4 dmawitdr ial ahialendadth explassedrtumbae of t he
spont aneous t unor
The inhibitory effect of endostatin and the cytotoxicity of
the chimeric toxin secreted by E. coli and L. monocytogenes in
tumors will be determined as follows. Thirty-five nude mice
bearing 10-day-old Cé tumors will be injected with bacterial
constructs as follows: (a) Five mice with E. coli engineered
to secrete endostatin; (b) Five mice with E. coll engineered
to secrete chimeric toxin; (¢) Five mice with L. monocytogenes
engineered to secrete endostatin; (d) Five mice with L.
nionocytogeties engineered to secrete chiméric toxin; (e) Five
mice with E. coli secreting endostatin and chimeric toxin; (f)
control group: five mice injected with E. c¢oli expressing
bacterial luciferase alone, and five mice with L.
monocytogenes expressing GFP. At the time of Dbacteria
injection, each tumor volume will be determined. Three days
after injection, the replication of bacteria in the tumors
will be monitored under a low light imager or under a
fluorescence stereomicroscope. The light emission and the
tumor volume will be measured daily up to 20 days after
bacterial injection. Ten days after injection, one animal from
each group will be sacrificed and the levels of the secreted
proteins present in the tumor tissue will be analyzed using




nodel s, mce with adenocarcinoma of the |large intestine and m' ce with

adenocarci noma of the mammary tissue, will be used for PiOO

| ocal i zati on experinments follow ng intravenous injecti on FI
expressj Flg and L. nonocytogenes expressing G-P %ETE% r.)Gped above. It

. can be xpec ¥ that these experiments will enphasiz € 'significance of

the Dbacteriumbased diagnosis and protein therapy system Table 6

Spont aneous tunor ani mal nodel s Anigtal Strai n nameTunor Sour ceRef er ence

speci esdescri ption Mousel29/ Sv- Spont aneousJacksonzZhu et al .,

Madh3t Wepéean envlodr - lealedyat. o+ CeTheB cixpemimefts es{(illd88)res08 | &mgeBar

Har bor , ' t{l\)@”ﬁe S

Tng( algllphggfe'?:% nrgfr%fa orat \'é%/wjyh 2%@88% %ﬁ%@? ngfl 1E‘J%llesr riesRes. 59
wi t hBaitoKar beragaliony) | tm@trastraagrcgwgmz im tdreinalwer treated with

(%o} F J t 0- PNAS
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of Labor at o- Toxi col . Pat pituitaryries,hol. 21 28 April 2006 WO 03/014380

PCT/ JB02/ 04767 85 W /I m ngton, (1993), 283
‘In a follow-up experlment, nice with spontaneous

adenocarcinoma of mammary tissue (strain FVB-neuN(N#202),
Table 6) will be used to study the effect of secreted proteins
on tumor growth. An experimental scheme identical to that
described for the C6 tumor analysis will be used. At the
completion of tumor therapy, the presence of endostatin or
chimeric toxin in the tumor tissue will be determined by
Western blot analysis. An identical experimental design will
be used to assay the effect of IPTG-induction of endostatin
and chimeric toxin production in bacteria in C6 tumors as well
.as in the spontaneously occurring breast tumor mouse model, It
is expected that multiple IPTG induction of protein expression
in bacteria might be required for successful tumor therapy.

At any stage of tumor treatment, it may be required to remove

‘the light emitting and therapeutic gene containing bacteria

from the animal. To carry out this experiment, mice with
12—day—old Cé6 tumors will be intravenously injected with E.
coli expressing the bacterial luciferase. Three days after
injection, antibiotic therapy  will be initiated by
intraperitoneal administration of gentamicin (5 mg/kg body
weight) twice daily, or the newly discovered clinafloxacin
(CL960) (Nichterlein et al., Zentralbl.Bakteriol. 286 (1997),
- 401). This treatment will be performed for 5 days, and the
effect of antibiotics on the bacteria will be monitored by

imaging light emission from the animals daily.

By cbmpleting the above experiments, it 1is expected that
endostatin and chimeric toxin proteins secreted into the
tumors will <cause the inhibition of tumor growth and



MA Exanple 7: Verification of bacteriumnediated tunor targeting and
bacteriumsecreted protein therapy in rodents wth |nplant gﬁlﬁﬁﬁntaneous
~tunors (A) Rationale As shown in the previous exanples, enous
injecti Qi Rloraskd 9Nt-emtting bacteria results in ent@%TﬂﬁﬁBk%patlon and
accunul ation onIy in the tunor regions in animals. This process can be
noni tored by imaging of light emssion in tunors. Placing the endostatin
and chimeric toxin expressing gen@8cassettes in cis configuration with a
light-emtting gene cassette provides an indirect detection systemin vivo
for theasutaieor dlmand rsywaesalonel T¥eris vieatbatrated. thas efdgwst atin and
chi nmer| n t n i ng
sequen%gg£&§% Iﬁq?§%|Iléa%%ﬁﬁﬁég&sé%rggggn%.P%P%ezgfpﬁ%%gﬁﬁgqﬁﬁﬁg t he
extracéhplanirespaumors arkk wWikbr @onW@ouhbwawrmﬁ! i FfeRdteed t unor
cel | S nfollin il &1 RcheCrabid (LhOMDACBHNdchBion t horex! sacaldad ar space
of the nor are expected unction simlarly to directly injected

puri f i endesiateimandBetinerae et orin apradiedast AomtLmoTsREeR RGeS into the
Cytosobs ol Ll ddfeekelsbumprr &tk thé! pdRSAIDIGE e Yhidhedald very

syste orte ear |er endostatin. The bacterial systems can be used
as a bewtertaitingm &her vpon Ry adEdnsptaation sdbgardbiryichided an

| PTG aghhyat s?é?ée@cys %%%h!r@ No 8 YSH£ Pt et BEmt s6@F et Y Pre@uliat tRgraghe
expression level$ of the therapeutic proteins in bacteria that col onize

t he tu&B$PTkh€f§$@rBF@§e%%ﬁHWPn5F°BrOte|ns i nhibiting tunor growth can be
determ ned. Wthout the 28 April 2006 WO 03/ 014380 PCT/ 1B02/ 04767 86
addition of IPTG the inhibitory protein secretion fromthe intravenously
injected bacteria will be kept at minimumwhile in blood circulation. This
wi |l provide added safety to the recipient tunorous aninmals during
delivery of bacteria. Using the BSPT system the onset and duration of the
t herapy can be : :




controlled by the addition of |PTG Upon conpletion of the treatnent, the
bacterial delivery systemcan be elimnated by adninistre%%gﬁgggmm
antibiotics, simlar to treating a bacterial infection. ( erm nation
of the effect of endostatin and Pseudonobnas exotoxin/ TG al pha fusion
protein secreted by E. cull and L.8%nbnocytogenes on tunor growth in
animals with inplanted tunors The inhibitory effect of endostatin and the
cytotoxicity of the chinmeric togiaimecreted by E. coli and L.
nonocytogenes in tunors will be determned as follows. Thirty-five nude
m ce bearing 10-day-old C6 tunors will be injected with bacteri al
constryct faoll qus; Lve_n § £ h cql.i i re tg secrete
endostPa'ti ﬁj;sae(sb)o i \%e X}aégl\r}mﬁ?h E‘.{rhggl Y\iﬁeng&neee?efgp%{}%tsqg%r e'géf chineric

t oxi n;cdnyodi tvieon Ler wi¢tedt iomnefys ogemes, engonetiesduep seoretre
endostatin; (dg Five, mce with L. _nionocytogeties engineered to secrete
chi merfT THAFEaTE i v SYRIEE Wi ¢S YY1 i secreting endostatin and
chinmeric toxdn; thk) vican rok gperifdava ym escdniest ad W t Bukorgol i
expressing bacterial luciferase alone, and five mce with L.
nmonocytdtehesliespe esSpRGeEFPr AetElsd asiife Bie paeterta Prafeetien, each
tumor yol urg, W J'!rLP§ &t erpaneq, [es d%}é%i ahhEh! ”k%gin' Ogeihge .
replication of bacteriain the turors . wiil be nmonitored under | ow |'i ght
i mgerclgatsdiefran fHealcrnasicenc éys tidree dminenes copeenfhanld/ght em ssi on and
the tunor volune w il be neasured daily,. % to 20 gays after bacterial
Cinjection. T daystﬁﬁieﬁlﬁﬁfecf?BHPtonglg eRaPtiRrsm BEEHSGFoup will be
sacri fdgadands t Berh evel st ofstdeasgezet esh - Pt diss pb@ﬁﬁﬂ%%;é!rt he tunor
tissue will be analyzed using 28 April 2006 WO 03/014380 PCT/|1B02/ 04767 87
Vst erge bl otr drsd S is . artifese experinents will result in inhibition of
tunor growh.Jn dost.atin .tr e i_mal I nore dramatic tunor
regressi on &H anﬁ%ﬁ §T1%5%?55?@#t%U%%ﬁyﬁgiﬁgtfg&in proteins. The tunor
growh in control animals is npt expected to be affected by the bacteria

al one. , , .
2. The use of claim 1, wherein the wvirus 1s a Lister

strain of wvaccinia virus.

3. The use of claim 1, wherein the virus is the LIVP

strain of wvaccinia wvirus. *

4. The use of any of claims 1-3, wherein the wvirus is

capable of replicating in;the subject.

5. The use of any of claims 1-4, wherein the compositién

is for systemic administration to a subject.

6. The use of any of claims 1-4, wherein the composition

is for intravenous administration to a subject.

7. The use of any of claims 1-6, wherein the tumor, tumor
tissue, <cancer or metastasis 1is a breast, prostate,
bladdex, brain, colon, lung, ovarian, pancreatic, liver or

skin tumor, tumor tissue, cancer or metastasis.




In a foll owup experinent, mce wth spontaneous adenocarcinoma of mammary
ti ssue (strain FVB-neuN(N#202), Table 6) will be used to f§g@¥h?ﬂ% ef f ect
of secreted proteins on tunor growth. An experinmental schemgPi dentical to
that described for the C6 tunor analysis wll be used. At the conpletion
of tunor therapy, the presence of éendostatin or chineric toxin in the
tunor tissue will be determned by Wstern blot analysis. An identical
experimental design will be used to assay the effect of |IPTGinduction of
endostatin and chineric toxin production in bacteria in C6 tunors as well
as in $helbponsgnedusiny sufcurkaep biehst vhehein nbhsevirsdel alllewsi s expect ed
that mubtinl& ARG 41‘!{“ ben of Rretel ”)i%eﬁ_»esﬂf%uel n hacteri g maght be
requi red for successtul tunor therapy. At any stage of tunor treatnent, it
may bemeegutsetlsto renove the light emtting and therapeutic gene
containing bacteria fromthe animal. To carry out this experinment, mce
wth 12-day-old C6 tunors will be intravenously injected with E. col
expressi ngnthasbagtenngl daucifenase; -Thregedays ahtegiriBi aatibee,
antibiotic therapy will be initiated by intraperitoneal adm nistration of
gent anfern ¢€5teijikly Bograliegiaghton t wifte adaitignorgr thEoFewityséugeover ed

clinaf LN (&%9 chterlein et al., Zentral bl.Bakteriol. 286
&£§§%ﬁ)?r |§£$%%éig'

(1997), nent will be performed for 5 days, and the effect
of antibiotics on the bacteria will be nonitored by imaging |light em ssion
fromthe animals daily. By _conpleting_ the above experinents, it is expected
“that +€hdo5tat FHe ant %%Yné?iEggbyﬁnlﬁPotEFﬁgeéﬁcFE eU1THE0PLAEYSt unors wil |

cause the i gBLbEELON Ob st uBDr QRN anthA8 ApLddu006-Y-03/ 034380
PCT/ 1B02/ 04767 88 neasurable tunor regression. It is anticipated that tunor
regrests¢omsisis bmsrhi@ved s¥orsoth groups of rodents with inplanted
tunors and with spontaneously occurring tunors. Experinments with
si mul t aneous application of secreted

11. The use of claim 10, wherein the signal is detectable

by magnetic resonance 1imaging (MRI), single-photon
emission computed tomography (SPECT), positron emission
tomography (PET), scintigraphy, gamma camera, a B° detector

or a y detector.

12. The use of any of claims 1-9, wherein the virus allows
for detection of a tumor, tumor tissue, cancer oOr

metastasis through detection of light.

13. The use of any of claims 1-12, wherein the wvirus is a
recombinant virus containing a recombinant construct
encoding a cell receptor capable of binding a detectable
ligand for detection of a tumor, tumor tissue, cancer or

metastasis in a subject.

14. The use of any of claims 1-13, wherein the wvirus is
cleared from a subject without affecting normal tissues

‘that are not a tumor or metastasis.




endostatin and chineric toxin proteins in tunor treatnment may give the
nost prom sing results. The renoval of the engi neered bacﬁ§gj§1&ﬁgn1the
tumor by administration of antibiotics is an added safety heBsure of the
bacterium secreted protein therapy (BSPT) of the present invention. 28
April 2006 89 Clains 1. Use of a vatcinia virus in the preparation of a
conposition for detection of a tunor, tunor tissue, cancer or netastasis
in a subj eshe UWBEr8ENanabrt BeaVYibUs-hd,spaekbligakhy ket-akned ah a tunor,
tunor tissue, cancer or netastasis due only to protection of the virus in
t he t unbiousaeedi fommeneff romPeéhegendCea? @RI ¥M e s8bjchOBY t he i nmmune
syster a@ﬁgéﬁﬁiébgrégﬁigﬁrus cannot differentiate between a cancerous cel
or tissue and a non=cancerous counterpart <cell or tissue; and/or (c) the
virus is not tunor-targeted. 2. The use of claim1, wherein the virus is a
Lister  _strain of vgccinia virus. 3. Ige u%e of, clgjn1l, wherein the virus
i s thel®i V'St PEFnObf 204 ceEnFaayPud 14, YHETGLE SfCafy™BPS¢ltalhs 1- 3,
wher ei st hgy Vi 4% elc® 1 0BaPae! 6 oft i, i CatinBg | PisHEe SURLder SorThe use of
any of clainms 1-4, wherein the conposition is for system c admnistration
to a subfactasss IMheremk bimany of clainms 1-4, wherein the conposition is
for intravenous admnistration to a subject. 7. The use of any of clains
1-6, wherein the tunmor, tunor tissue, cancer or netastasis is a breast,
prostal®, bl @adder uskraiof, colyn,of unglatwari dnlépancheatin, kheer or skin
tunor, tunor, tjssue, cancer  or netastasis. 28 Agril 2006 90 8. The use of
any of CRMRPTE- 4T, lRhet @F n AHEHLI TS QF| GwstUmor, tumor tissue,

cancer or metastasis within the whole body of the 1live

subject.

18. The use of any of claims 1-17, wherein the composition
is for detection of a tumor, tumor tissue, cancer or

metastasis in the brain or breast of a subject.

19. Use of a vaccinia. virus in the preparation of a
composition for detection of a tumor, tumor tissue, cancer

or metastasis in a subject, wherein:

the virus comprises a construct encoding a detectable
protein or a protein cépable of inducing a detectable
signal; and f
(a) the wvirus 1is specifically retained at a tumof,
tumor tissue, cancer or metastasis due only to protection
of the wvirus 1in the tumorous environment from being
‘cleared from the subject by the immune system; and/or
{b) the wvirus cannot differentiate between a
cancerous cell or tissue and a non-cancerous counterpart

cell or tissue; and/or

{c) the virus is not tumor-targeted.



for visualization of a tunor, tunor tissue, cancer or netastasis. 9. The
use of any of clains 1-7, wherein the virus allows for e

visualization of a tunor, tunor tissue, cancer or netastggféﬂ§&§p6The use
of any of clainms 1-9, wherein the virus allows for detection of a tunor,
tunor tissue, cancer or netastasi82based on a signal. 11. The use of claim
10, wherein the signal is detectable by magnetic resonance imging (MRl),
si ngl e2phot ahe amssbonccaiputied twees aphyhéSRECT), iposat LoBtem ssion

t omography, (PET), scintigraphy, gamm canera, a Q+ detector or ay

det ectdr 24D OFHEA¢EE 0 Bhytof clains 1-9, wherein the virus allows for
detection of a tunor, tunor tissue, cancer or netastasis through detection
of light. 13. The use of any of clains 1-12, wherein the virus is a

r econbzhant Tier usseonf aicdeng d .econreramt thenstirust isencheli hgVE cel |

recept or Cﬁgqgée of bindinq{a detectable |igand for detection of a tunor,
tumor 1753 LCcaltert b Wet'tdtasis in a subject. 14. The use of any of

claims 1-13, wherein the virus is cleared froma subject wthout affecting
normal tissues that are not a tumor or netastasis. 28 April 2006 91 15.
The us®? of &Ry BFecPai R&YL-of4 Cidiei W1l wWhesein dhe Birenudfed form of

a pat i - L ST i ; - ! ic organism 16. The use of any
hogeni fe BHAUSN O 4y & AU R

of claims 1-1 € conpositio i's for detection of a tunor, tunor
tissue, cancer or netastasis in real tine. 17. The use of any of clains

1- 16, cer 0 asis in real time 17. Tt ny of clai ms
cancer frﬁ%t ?gs?§83F$ :néggefaﬁofélﬁg%gcohggﬁg’I?V gggi?ecgﬂgr oste

composition is for systemic administration to a subject.

24. The use of any of claims 19-22, wherein the
composition is for intravenous administration to a

subject.

- 25. The use of any of claims 19-24, wherein the tumor,
tumor tissue, cancer or metastasis is a breast, prostate,
bladder, brain, colon, lung, ovarian, pancreatic, liver or

skin tumor, tumecr tissue, cancer or metastasis.

26. The use of any of claims 19-25, wherein the virus
allows for visualization‘bf a tumor, tumor tissue, cancer

or metastasis.

- 27. The use of any of claims 19%-25, wherein the virus
allows for external visualization of a tumor, tumor

tissue, cancer or metastasis.

28. The use of any of claims 19-27, wherein the virus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.




18. The use of any of clains 1-17, wherein the conposition is for
detection of a tunor, tunor tissue, cancer or netastasis j ﬁﬁ#ﬁdﬁ%a'n or
breast of a subject. 19. Use of a vaccinia virus in the prepa ron of a
conposition for detection of a tunor, tunmor tissue, cancer or netastasis
in a subject, wherein: the virus c@ﬁprises a construct encoding a
detectable protein or a protein capable of inducing a detectable signal;

and (a}oat heTHkir usel safsrae@ﬁfdfcaéia/uﬁ@ta@rm, afjh@réMDthe LUPRE BkSSue,

cancer or netastasis due only rotection of the virus in the tunprous
envi r otre AL LRPBALBE A @rmcKé%r%dpﬁgbﬁgﬁﬂécs9§pé@ﬂsﬁyCﬂhel$nﬁuﬁ@nsystenl
_and/or p% %Qﬁlglé Aot differenti ate between a cancerous cell or
tissue® non- ca cerous counterpart cell or tissue; and/or (c) the

virus is not tunor-targeted. 28 April 2006 92 20. The use of claim 19,
whereipn the virus is a Lister strain.of vaccinia virus e use of
clain1€@ #é?n PR vPFusP¥ tRE LF%ﬁlgﬁraﬁﬂ_gg rval eﬁFéHV|}B§ 22. The
use 0choQit§é@' % 18021 damesdidh the W rusmbs, capadt et@ksteplicating in
the subject. 23. The use of any of clains 19-22, wherein the conposition
is forcayseente Beimyiairatiniredl &£ 8] ect. 24. The use of any of clains
19-22, wherein the conposition is for intravenous adm nistration to a
subject. 25. The use of any of clainms 19-24, wherein the tunor, tunor

ti ssue3lcanceTher neeasbﬁsianys afbr easfimspr 26tade, wheaddar, theai n, col on,
| ung, ovari an, gancrea | i ver .or ﬁsn tunmor, tunor tlﬁsue cancer or

met ast @RS Bl ofrpd sy s OBf gy G0 af & oL YBOL o rSF t féSTHPus  al | ows
FOr Vi Sahabd ZabirONndif 2 S J4HIT 1 kAN tHSSURol8AN®ly of the live

subject.

32. The wuse of any . of c¢laims 19-31, wherein the
composition is for detection of a tumor, tumor tissue,

cancer or metastasis in the brain or breast of a subject.

33. The use of any of claims 19-32, wherein the construct
encodes a protein that is capable of emitting light or of

inducing emission of light.

34. The use of any of claims 19-32, wherein the construct
encodes a protein that can bind a contrasting agent,

chromophore or a compound or ligand for visualization of

tissues.

35. The use of any of claims 19-32, wherein the construct

encodes a fluorescent or luminescent protein.

36. The use of any of claims 19-32, wherein the construct

encodes- a luciferase and/or a substrate for luciferase.




or netastasis. 27. The use of any of clains 19-25, wherein the Vi rus
allows for external visualization of a tunor, tunor tiss [ or

net astasis. 28. The use of any of clains 19- 27 wherein the vPrus I'S
cleared froma subject wthout affecting normal tissues that are not a
tunor or netastasis. 28 April 2006993 29. The use of any of clains 19-28,
wherein the virus is an attenuated formof a pathogenic organismor is a

non- pathogeri cue gy sahy3Gr Theatne ofg-agwy, okhekakns the= 294 rwherein the
conposition is for detectlon of a tunor, tunDr ti ssue, cancer or

met ast 251 @v$ nfpsadetiops 1031 ofThe GEEOBF AMPCST T1eF4Ry 203BOST wAErein t he
conposﬁétggké écgaégﬁvéﬁ q%qﬁuﬁ_tunnr tunor tissue, cancer or
L ;

nmet ast asi s mn hing y of the live subject. 32. The use of any
of clainms 19-31, wherein the conp05|t|on is for detection of a tunor,

tunmor fjssye, _canc r ta isint brain f subj ect .

35 The® nelis uEBy Oof ity e, Ratabnay BetcEhelace

pr ot el}ﬂythéﬁadnﬁet@.@abkés@f‘taﬁ@btt|ﬂ9ad;ir§%t omveaf) , | ndyeyng-gRbsshon of

light. 34. The use of any of clainms 19-32 mhereln the construct encodes a

pr ot ei #MiH¥EOR arFBIONE ol c@ﬁtﬂpa§ﬁphg ag‘éﬁ‘ECT chmﬁrmne grigséenpound or
i gan j o 4 y nms 19- 32,
mhere?££ﬁ§ﬁ£%¥§#€t$%ﬁﬁ gﬁ%ﬂl cjai%lidorescent or :d iﬁcg%% %%gkeln 36.

The user o anetodctdmal ns 19- 32, wherein the construct encodes a |luciferase

and/or a substrate for luciferase. 28 April 2006 94 37. The use of any of
clainms 19-32, wherein the virus

39. The use of any of claims 19-32, wherein the wvirus
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

40. The use of any of claims 19-32, wherein the wvirus 1is
a recombinant wvirus containing a recombinant construct
encoding a cell receptor capable of binding a detectable
ligand for detection of a tumcr, tumor tissue, cancer or

metastasis in a subject.

41. Use of an LIVP strain of wvaccinia wvirus in the
preparation of a composition for treatment of a tumor,
tumor tissue, cancer or metastasis in a subject, wherein
- the composition is for systemic administration to a

subject.

42, The use of claim 41, wherein the composition is for

intravenous administration to a subject.

.43, The use of claim 41 or claim 42, wherein the wvirus is

- recognized by the immune system of the subject.




allows for detection of a tunor, tunor tissue, cancer or netastasis based
on a signal. 38. The use of claim 37, wherein the signal ifgﬂ Itiff(gﬁbl e by
magneti c resonance i nmaging (MRl), single-photon em ssion congu e

t omogr aphy (SPECT), positron em ssion tonography (PET), scintigraphy,
gamma canera, a p+ detector or a gsdetector. 39. The use of any of clains
19- 32, wherein the virus allows for detection of a tunor, tunor tissue,

cancergor mRbagk@sioT thfough delaed i o003, | 18BteiA0tndheibae 9k any of
clainms 19-32, wherein the virus is a reconbinant virus containing a

r econbtapalleonst reet icahbodi iy theetubietept or capabl e of binding a
detectable ligand for detection of a tunmor, tunor tissue, cancer or
netastasis in a subject. 41. Use of an LIVP strain of vaccinia virus in the
prepar @t i onhefusge cORPOsy td Dcfoimd restaentwitdreaif:unor, tunor tissue,
cancer or netastasis jn a subject, wherein the conposition is for systemc
adni ni strat {dh 8% VUb} eef. FECHRCUY oF SRR PR 4RE VviheFBPRTY he

conposi thOP t$sE5QE, bAhrayeneus,ANEIEStd alhdNoh Py arsUbLeekct43n The use of
claim4l or claim42, wherein the virus is recognhized by the inmune system

of theoSubjleet . vR281Aprisl 2006 I8imp4.ouFhe euwe rofhmame off roai heiag- 43,

wherein, the vigus i capabl f replicating in.the subject. 45. The use of
any ofglc %?%% ]Elrl(3 4&%%‘“@0 enc?t ?%?5 1‘_t(-?}?l[")lee lvnim}uumseqiS Sstﬁaemc'i fa}néj Iclry retained at a
tumor, tunps) tisswe, caneer @aniRitast dstscduptoaty t bguwaledctian of the
virus in the tunorous environnment frombeing cleared fromthe subject by
the | MRMEERSST efPLan@Tort¥BIue handi rusRRRAFRCHT PRer ERPMREEPBEFWeEN a

canceroits; gl I+ pohd ssygy and a non-cancerous counterpart cell or tissue;
and/ or

{c) the virus accumulates in a tumor, tumor tissue,

cancer or metastasis in the subject but is cleared from

" non-tumorous regions of the subject by the immune system;
and/or

(d) the wvirus is not tumor-targeted.

46. The use of any of claims 41-45, wherein the virus
comprises a construct encoding a composition suitable for

treatment of a tumor.

47. The use of claim 46, wherein the construct encodes a
cytotoxic protein, a cytostatic protein, an inhibitor of
angiogenesis, a protein that stimulates apoptosis, 'a
protein that inhibits an elongation factor, a protein that
binds to a ribosomal subunit, a nucleotide-modifying
protein, a nuclease, a protease, a cytokine, an enzyme or

a receptor,.

48. The use of claim 46, wherein the composition suitable
for treatment of a tumor is rsCD40L, Fas-ligand, TRAIL,
TNF, - Anti-GA733-2, microcin E492, diphtheria toxin,

Pseudomonas exotoxins, shiga toxin, endostatin,




(c) the virus accunulates in a tunor, tunor tissue, cancer or netastasis
in the subject but is cleared from non-tunorous regions oﬁgggﬁlﬁgg@j ect by
‘the immune system and/or (d) the virus is not tunor-targeted. 46. The use
of any of clains 41-45, wherein the virus conprises a construct encoding a
conposition suitable for treatnenpsof a tunor. 47. The use of claim 46,
wherein the construct encodes a cytotoxic protein, a cytostatic protein,

an i nhi bi&oForpfaa ANGi 0980ES1 $a1 AcPESL@h S | hat talhIM Rt €S apaRkesi s, a
protein that inhibits an el ongation factor, a protein that binds to a

ri bosonei senardirgh | rerxEidents de-orsdickyinept igestei f2,a AHEPEhseMea prot ease,
a cytokjne, an engzy. receptor. 48. se of claLm wherein the
corrpo(s)%( %n Sui taé?/lerﬁ c}:{%)‘rdlJt%rteai';fterf\9nt of g:yttlé%grn'éi S rsc&%h&égg?[i gand,

TRAI L, cariixy A i e a3 3-t4; r J8 101001 roE4&,otbixaht lteri a toxin, Pseudononas
exot oxi ns, shiga toxin, endostatin, 28 April 2006 96 gl ucuroni dase,

bet a- gal act osi dase, thym di ne ki nase, horseradi sh peroxi dase,

car boxypeptridases &2 rCy4oghi@me.1 P40, Mi-t40r egduetass. i oghpgsdeam nase,
car boxyl esterase, tyrosinase or verotoxin |I. 49. The use of any of clains

41- 48, aldhersei fox heighalszabidpowe tf ar Winsual i Zawdontbfsaet urdncetrunor

tissue,_ cancer, or netastasis. 50. The use of any of clainms 41-48, wherein
L Or e a[s'ta81 . . . . ]
the vitus ~allows Tor external visualization of a tunpr, tunor tissue,

cancer or netastasis. 51. The use of any of clainms 41-48, wherein the virus

allows_for detection of a tunor,_ tunor tissue, cancer or mnetastasis based
on a si@nalfhesiserngfysanvf of af k58S ierdirn Yhereigndihs svdEtéct abl e by

magneti g gesonance dmaging (MR JuaBi gl fsphoten 4 tumor, tumor

tissue, cancer or metastasis.

51. The use of any of claims 41-48, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis based on a signal.

52. The use of claim 51, wherein the signal is détectable
by magnetic resonance ' imaging (MRI), single-photon
emission computed tomography (SPECT}, positron emission
tomography (PET), scintigraphy, gamma camera, a B* detector

or a vy detector.

53. The use of any of claims 41-48, wherein the virus
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

54. The use of any of claims 41-53, wherein the wvirus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

55. The use of any of claims 41-54, wherein the tumdr,

tumor tissue, cancer or metastasis is a breast, prostate,




em ssi on conput ed t onography (SPECT), positron em ssion tonography (PET),
scintigraphy, ganma canera, a R+ detector or a y det ectorzggg?lj%g use of
any of clainms 41-48, wherein the virus allows for detection a tunor,
tunmor tissue, cancer or netastasis through detection of light. 54. The use
of any of clainms 41-53, wherein the7virus is cleared froma subject

w thout affecting normal tissues that are not a tunor or netastasis. 55.

The usg1 odda@ny ©fathai 88144; Sunyherebpi bR pHABReatlidONiybssye, cancer or
netastasis is a breast, prostate, 28 April 2006 97 bl adder, brain, colon,

| ung, d%HR i BHICHarieree i el ssisercarcesldn naffitagidwor tissue, cancer or

netastasis. 56. Use of an LIVP strain of vaccinia virus in the preparation

of a conposition for treatnment of a tunor, tunor tissue, cancer or

net ast@8i s i Asa sub) ect , LANEr estiraime cfonpesktinan isifws sSyst ehec

admnistration to a_ subject; and the_virus caonprises_a construct encodi ng
';;F?dtii R§

a det RYIFTERCH0t &fn dr PGSR cab2bl &R Y & d&PBetabl e

si gnal tumdr dheswse @nddRidn Shtaersid e cupPRsId,l Qhdreifor _

i ntravenous adm nistration to a subject. 58. The 'use of claim56 or claim
57, wher ei rthhecoinpagitsonr dgoghvizedybyenhe iafmimd sdyrgitdpnofta he subj ect .
59. T@‘fﬂjﬁ&@f of clainms 56-58, wherein the virus is capable of
replicating in the subject. 60. The use of any of clains 56-59, wherein:
(a) the viriise isispecedicel $gs ret abnedratt achooning hudetetisblle, cancer or
metastasi s due only to profection _of the virus,in the tunoro envi r onnent

from BENFLI EFr el RTMEHE SEBREEE 09Tt HEFHMRR ﬁ/sgﬁﬁ?c’éﬁgiﬁr (b) the

virus gagnot, differentiate between a cancerous cell or tissue and a
non- cancer ous counterpart

57. The use of claim 56, wherein the composition 1s for

intravenous administration to a subject.

58. The use of claim 56 or claim 57, wherein the virus is

recognized by the immune system of the subject.

59. The use of any of claims 56-58, wherein the wvirus is

capable of replicating in the subject.

60. The use of any of claims 56-59, wherein:

(a) the wvirus is sbecifically retained at a tumor,
tumor tilssue, cancer or metastasis due only to protectibn
of the wvirus in the tumorous environment from being
cleared from the subject by the immune system; and/ox

(b) the virus cannot differentiate between a
cancerous cell or tissue and a non-cancerous counterpart
cell or tissue; and/or

{c) the wvirus accumulates in a tumor, tumor tissue,
cancer or metastasis 1in the subject but is cleared from
non-tumorous regions of the subject by the immune system;

and/or




cell or tissue; and/or (c) the virus accunulates in a tunor, tunor tissue,
cancer or netastasis in the subject but is cleared from bgggg@

regi ons of the subject by the inmmune system and/or 28 Aprlﬁ' 98 (d)
the virus is not tunor-targeted. 61. The use of any of clains 56-60,
wherein the virus conprises a con88ruct encoding a conposition suitable
for treatnment of a tunor. 62. The use of claim61l, wherein the construct

encodes a ¢yf otloxi¢ipioOt L Mot WHOSIEdtgetEDL €i n, an inhibitor of
angi ogenesis, a protein that stinulates apoptosis, a protein that inhibits
an elongation factor, a protein that binds to a ribosomal subunit, a

nuc eogf de- gl f yLBO P! GE1 Be & 1MIGLLSE- 60 PLALASE, BreYLakige, a

enzyme or a receptor 63.” The use ciai m 61, mhereln t he conp05|t|on
sui t abtenpfises r eatowest: rofbta eirmmnrlgs a sCPbsiFacn | sgandplFRAPE, TNF,
Anti - G@?SB 2é n10é00|n E492 di pht heria toxin, Pseudonbnas exotoxins,

shi ga to%d Hehdost At F AL gyl ucur oni dase, bet a- gal act osi dase, t hyni di ne

ki nase, horseradi sh peroxi dase, carboxypeptidase &, cytochrone P450,

ni troreductase, cytosine deam nase, carboxyl esterase, tyrosinase or

ver ot o%% n ITh64US‘Fh@fu§éLad#“ &y gfherei metss. 630SHALEEI ANEAESEI fus  al | ows

for vis ﬁ&fﬂcf’gr%e Mo Eé‘é‘@éti%%%teﬁﬁ”c%‘n ?i‘@i@éﬁaé!fs 65. The

- use of an erein the virus ext er nal
_V|sualamgﬁwgﬂn$ﬁls%ttmnwprmtmmm thasuestimntetesr apbptbasss. 28 Apri

2006 99 66. Th se, of ,any of c erein the r |l ows for
et ecth o sin it ihi s 17 cefiaTebhag, rarber, & bEScdih!nat

binds to a ribosomal subunit, a nucleotide-modifying
protein, a nuclease, a protease, a cytokine, an enzyme or

a receptor,

63. The use of claim 61, wherein the composition suitable
for treatment of a tumor is rsCD40L, Fas-ligand, TRAIL,
TNF, Anti-GA733-2, microcin E492, diphtheria toxiﬁ,
Pseudomonas exotoxins, shiga toxin, endostatin,
glucurconidase, beta~galéctosidase, thymidine kinase,
horseradish peroxidase, <carboxypeptidase G2, cytochrome
FP450, nitroreductase, cytosine deaminase,

carboxylesterase, tyrosinase or verotoxin I.

64. The use of any of claims 56-63, wherein the virus
allows for wvisualization of a tumor, tumor tissue, cancer

or metastasis.

65. The use of any of claims 56-63, wherein the virus
allows for external visualization of a tumor, tumor

tissue, cancer or metastasis.




met astasi s based on a signal. 67. The use of claim66, wherein the signal
is detectable by nagnetic resonance imaging (M), singl $§ﬁ§ﬂw6en135|on
conput ed t onogr aphy (SPECT), positron em ssion tonography {(

scintigraphy, gamm canera, a (3+ detector or ay detector. 68. The use of
any of clains 56-63, wherein the vbeus allows for detection of a tunor,
tunmor tissue, cancer or netastasis through detection of light. 69. The use

of anysef alhi NBs&6-F8, ambered ncli hemyi ras-d3, wheaeed farun aisulj ect
wi thout affecting normal tissues that are not a tumor or metastasis. 70.

The usRlbPWan§ost deftaicis 056-8D, amﬁéﬁ@Fm tHEU NS SUG uNBRNEPESAE, cancer or
met ast asi S<i ngtgéggﬁ iﬁwéng bl adder, brain, colon, lung, ovarian,

pancreatic, Tiver tunor tlssue cancer or netastasis. 71
The use of any of clalns 56- 63, mhereln the construct encodes a protein

that c bj contrasti,ng en chronophore or a c ound. or |igand for
o Bl rhe BrS OB el A e n Sl SRR Go8L | Bo o aTRRERSE G o 200, o
Vi rus p¢OonpdERs: i COBé%bHﬁhcéncoﬁh i prO(tI»ﬁm thatsm 16apablken of

enlttlﬁg l'ight or of inducing enlss?%nﬁ%f | 1 ght §I| gOOG 100 73. The

use of ehyS AN cloampsI tB6L 63 ompEERRhE th%P%%Tnbx rmSlté:%bdégtléswnor escent or

Iunln e 74 5 t he
constrd%ﬁgééﬁgﬁ%egﬂ% Iu0| eralx{‘gfss&%?H su%%tf%%% ?b?9|3§?§%?§§e 75. The

use ofcany wfdetedtesr 56- 63, wherein the construct encodes a GFP or RFP.
76. The use of any of clains 56-63, wherein the virus is a reconbi nant
virus containing a reconbi nant construct encoding a cell receptor capable

of bi ngk Ngirhea)ude detreciPl @ A | gaadngors gaiect ;p8reina tHEDE; rukuOr
ti ssue, cancer or netastasis in a subject; and/ or
allows for detection of a tumor, tumor tissue, cancer or

metastasis through detection of light.

69. The use of any of claims 56-68, wherein the virus is
cleared from a subject without affecting normal tissues

that are not a tumor or metastasis.

70. The use of any of claims 56-69, wherein the tumox,
tumor tissue, cancer or metastasis i1s a breast, prostate,
bladder, brain, colon, lung, ovarian, pancreatic, liver or

skin tumor, tumor tissue, cancer or metastasis.

71. The use of any of claims 56-63, wherein the construct
encodes a protein that can bind a contrasting agent,
chromophore or a compound or ligand for wvisualization of

tissues.

72. The use of any of claims 56-63, wherein the virus
comprises a construct encoding a protein that is capable

of emitting light or of inducing emission of light.




(b) a therapeutic ligand suitable for tunor therapy. 77. The use of any of
clains 19-32, wherein the construct encodes a GFP or RFP'ZSApﬂlmxm

100

73. The use of any of claims 56-63, wherein the construct

encodes a fluorescent or luminescent protein.

74. The use of any of claims 56-63, wherein the construct

encodes a luciferase and/or a substrate for luciferase.

75. The use of any of claims 56-63, wherein the construct

encodes a GFP or RFP,

76. The use of any of claims 56-63, wherein the virus is
a recombinant virus conéaining a recombinant construct
encoding a cell receptor capable of binding:

(a) a detectable ligand for detection of a tumor,
tumor tissue, cancer or métastasis in a subject; and/or

(b} a therapeutic ligand suitable for tumor therapy.

77. The use of any of claims 19-32, wherein the construct

encodes a GFP or RFP.




